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THE PULSE FLOW IH THE BEACHIAL AETEEY 
I TECHmC AND GENERAL CONSIDERATIONS 
A W HEWLETT, MD, and J G Van ZWALUWENBURG, MD 

ANN ARBOB 

DEFINITION OF THE PULSE FLOW 

In determining the blood-flow to the aim by a method which we have 
described/ the arm is enclosed in a plethysmogiaph and the venons out- 
flow IS obstructed by suddenly raising the pressure in a cuff placed just 
outside of the instrument The pressure applied is not sufficiently high 
to interfere with the fiee entiance of aiterial blood As a result of this 
obstruction, the aim begins to swell The rate of swelling is at fiist 
fairly uniform, but later, as the pressure in the blood-vessels uses, theie 
IS a falling ofl! in the rate of swelling due, on the one hand, to an escape 
of venous blood beneath the piessuic eufl, and on the other to the force 
opposed to the entering arterial stieam by the rising pressure in the 
capillaries and arterioles For a brief period, however, the inflow corre- 
sponds to the normal rate of blood-flow to the part 

Tracings of the arm volume obtamed by this method always show a 
senes of pulse waves due to the intermittent entiance of blood through 
the arteries, and just as the average rate of aim swelling indicates the 
average rate of aiterial inflow, so the variations on the tracings occa- 
sioned by the arterial pulse indicate the variations of inflow due to each 
portion of the individual pulse waves Such tracings may therefore be 
used to determine how much blood is enteiing the plethysmogiaph 
during each poition of the pulse cycle. Since the point at which the 
blood enteis is at the upper end of the plethysmograph, just above the 
elbow, and since the main path of arterial inflow at this point is through 
the brachial aitei^, the records indicate chiefly the rate of blood-flow at 
this level of the biacliial artery during each portion of the pulse cycle 
This may be designated the pulse flow in the brachial artery 

*Froin the Department of Internal Medicine, University of Michigan 
^Submitted for publication, March 20, 1913 
1 Hewlett, A W , and Van Zwaluwenburg, J G The rate of blood flow 
111 the aim Heart, 1909, i, 87 
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TEOHNIO 

As in onr method for determining the blood-flow to the arm_, the 
latter was enclosed in an air plethysmograph which was connected by 
air transmission with an apparatus which recorded the changes in arm 
volume In order to obtain records of the average blood-flow to the arm, 
any form of volume recorder may be used "We early used the bellows 
volume recorder of Biodie for this purpose, but more recently we have 
used a bell recorder similar to that employed for recording respiratory 
movements To obtam accurate records of the flow during each portion 
of the pulse cycle, however, a more sensitive recorder becomes necessary 
In a series of exhaustive researches, 0 Frank" has discussed the necessary 
requisites of a recorder which shall follow sudden changes in movement 
with accuracy The most important of these requisites is that the 
apparatus itself should possess a rapid rate of inherent vibration A 
slow rate of inherent vibration indicates that the apparatus will not 
follow sudden changes in movement accurately and that the vibrations 
of the apparatus markedly deform the tracings With a rate of inherent 
vibration which is very rapid relative to the changes in movement to be 
recorded, the latter are recorded much more accuratel}^ and the vibrations 
of the instrument can be easily recognized should they appear on the 
traemgs 

We have, therefore, endeavored to employ an apparatus which should 
have as rapid an oscillation time as possible The following formula 
furnishes an approximate idea of the factors affecting the time of a 
smgle oscillation, T, in a system similar to that which we have employed 


T=2n 



In this formula, A and L represent, respectively, the cross section 
and the length of the tube connecting plethysmograph and recorder, and 
d IS the specific gravity of the enclosed air M, which represents the 
moment of mertia of the recorder, depends on its weight, and the square 
of the distance through which it is moved Y is the volume of air in 
the plethysmograph, and E is the use of pressure produced when one 
umt of air enters the recording deiace The factor C is a constant 
depending on the atmospheric pressure and the adiabatic correction for 
air The above formula is constructed on the assumption that com- 


2 Frank, O Kritik der elastrsclien Manometer Ztschr f Biol , 1903, xliv, 
445, and a senes of articles in the same journal 
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pression of an m tlie transmission tube may be disregarded and that no 
dampmg factor is present ® 

Inspection of the above foimiila shows that m order to lessen the time 
of a single vibiation in the apparatus the length of the connecting tube, 
the weight and movement of the recording device and the volume of air 
in the plethysmograph should be as small as possible, while the cross 
section of the tube should be as large as possible In shortening the tube 
we have endeavored to leave a length which will be sufficient to allow 
manipulations about the plethysmograph and to allow the individual to 
move his arm in the suspended plethysmogiaph without putting traction 
on the rigidly fixed recorder For this purpose a length of about 60 cm. 
is necessary The connecting tube used had a diameter of 1 3 cm. 
Between 3,000 and 3,700 c c of an usually occupied the portion of 
plethysmograph about the arm. By far the most important part of the 
apparatus, however, is the recording device Two types of sensitive 
recorders were experimented with In one of these a soap bubble was 
placed over the end of the tube leading from the plethysmograph, and 
the oscillations of its summit occasioned by the volume changes in the 
arm were photographed on a moving sensitized surface Garten^ has 
published plethysmogiaph tracings taken by this method and we have 
attempted to use it for recording the pulse fl.ow m the brachial After a 
lather extended trial of the method, however, we became convinced that 
the oscillation time of the apparatus was inadequate "Wlien connected 
with a tube sufficiently long to permit fixation of the earner of the soap 
bubble the oscillation time was usually between 9 and 13 per second, 
which was slow for our purposes Gai ten’s tracings also suggest that the 
oscillation tune in his apparatus was slow, as has been pointed out by 
0 Frank The reason for this slow time even when the recorder itself 
is of neglible weight, becomes evident on inspection of the above formula 
In the soap bubble which is essentially a volume recorder the rise of 
pressure when one unit of air is added to the lecorder is practically ml 
B, therefore, approaches zero, and since the fi action 1/V is also very 
small, the period of oscillation is relatively long We weie able to get 
very satisfactory plethysmograph tracings of the finger by this method, 
for in this case the volume of air surrounding the fingei is small and 
consequently the fraction 1/V is relatively large A trial soon con- 
vinced us, however, that our method for determining the blood-flow 
could not be applied satisfactorily to the finger 

3 In the system finally adopted the tube was relatively large and only a very 
small amount of air entered the recorder Under such circumstances the compres- 
sion of air in the tube becomes an important factor which cannot be disregarded 
The more complex formula for such a system need not be discussed here 

4 Garten, S Ueber ein neues Verfahren zur Veizeichnung von Bewegungs- 
vorgangen und seine Anwendung auf den Volumenpuls Aieh f Physiol, 1904, 
civ, 351 
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Since a tine volume recoider, even though of negligible weight, neces- 
sarily gives slow oscillations when connected with an aim plethysmo- 
graph, it became necessary to adopt some other principle foi recording 
the volume changes in the arm The principle which we adopted was to 
close the end of the plethysmograph about the aim with unyielding 
material and to use a Erank capsule as a recoider The latter is essen- 
tially a small Marey tamhoui in which the lecoiding lever has been 
replaced by a small mirror which directs an imponderable beam of light 
on a moving sensitized surface A description of the apparatus used 
has been published elsewhere ° Smce but a very small amount of 
movement occurs m the Prank capsule during changes m arm volume, 
the system becomes a pressure system rather than a volume system, and 
the changes in pressure are recorded by the capsule By calculating the 
air in the plethysmograph after the arm is in place, it is possible, how- 
ever, to graduate the capsule against an equal volume of air m a bottle 
by allowing measured amounts of water to enter the bottle The recoids 
can thus be read as volume records With this apparatus high lates of 
vibration may be obtained In the tracing shown in Figure 1, foi 
example, the oscillatory frequency of the apparatus was over 100 per 
second Some of the tracings in the following articles were taken with 
an apparatus of much slower vibration time, 15 to 20 per second, but 
our main conclusions as to the features of the pulse form have been 
checked by tracings taken with the more sensitive apparatus 

The steps followed in making a series of records were as follows 
The volume of arm to be enclosed in the plethysmograph was determined 
by thrusting it into a large cylmder full of water and measuring the 
amount of water displaced The arm was then placed in the plethysmo- 
graph, and the primaiy closure of the end was made by rubber dam In 
order to make this closure a rigid one the rubber dam was reinforced 
by a layer of dentist composition which had been previously softened in 
hot water This was applied closely about the aim and over the end of 
the plethysmograph While the composition was hardening a large bottle 
was filled with water until the contained volume of air was equal to the 
air remaining in the plethysmograph aftei msertion of the arm The 
bottle was then connected with the Prank capsule and the latter was 
graduated by allowing successive amounts of water, 2 e c each, to enter 
the bottle The vibration tune of the apparatus may then be tested by 
suddenly adding a small amount of air to the bottle and photographing 
the after-oscillations of the tambour The Frank capsule was then 
connected with the plethysmograph and the apparatus was ready for 
making records These latter were made in the same manner as our 

5 Van Zwaluwenburg, J G , and Agnew, J H Some Details of the Auric- 
ular Pressure Curves of the Dog Heart, 1912, iii, 343 
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usual records of the blood-flow, except for the form of recorder used. It 
was found convenient to have an additional tube leading from the 
plethysniogiaph in order to regulate the position of the light Tins 
additional tube was left open at the moment that the pressure was 
applied to the arm, but was closed immediately after In this way the 
distuibance that is fiequently produced at the moment of applying the 
pressure was not recorded Each record taken by the Frank capsule was 
fuithermore checked as to the average blood-flow by a record taken by the 
usual volume recorder on a moving drum covered by smoked paper. 

FACTORS INFLUENCING THE PULSE FLOW 

Following Chauveau and Maiey, French physiologists usually resolve 
the blood-flow in an artery into two chief components, the constant and 
the intermittent flows Somewhat similarly we have also found it con- 
venient to analyze the pulse flow into two components The flist of 
these IS the average rate of blood-flow in the arm as determined by our 
oidmary method The second is the intermittent acceleration or retar- 
dation of this flow occasioned by the progress of fluid waves in the 
artery These latter are recorded in good plethysmograph tracings if 
one assumes that the venous outflow does not change materially with each 
portion of the arterial pulse Knowing the average rate of blood-flow 
to an organ it is possible to construct the pulse flow from a good quanti- 
tative plethysmographic tracing by erecting on the slant which represents 
the aveiage flow, verticals for each portion of the plethysmograph curve 
and connecting their summits A construction of this type is shown in 
Figure 1, C Its identity with the curve obtained directly (Fig 1, A) is 
at once apparent 

The velocity in cubic centimeteis per unit of time for each portion 
of the pulse cycle can also be constructed fiom our pulse flow curves, 
for the velocity at any moment is the amount of inflow divided by the 
time This is represented on each portion of the pulse cycle by the trig- 
onometric tangent to the curve at this point Constructions of this sort 
by the method described by Fick® are shown in Figure 1, D, and Figure 
2 , B These are absolute velocity curves or absolute tachograms in terms 
of volume flow They differ from the velocity curves constructed by Fick 
from plethysmograph tracings and from the tachograms obtained directly 
by y Knes/ in that they represent absolute volume velocities in the 
brachial artery and not simply changes m velocity which are super- 
imposed on an unknown constant If one knew the exact diameter of 
the brachial artery these volume velocities might be converted into linear 
velocities The close resemblance of our volume velocity constructions 

6 Pick Gesammelte Schriften, WUrzburg, 1904, iii, 550 

7 Knes, V Studien zur Pulslehre Prezburg, 1892 
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to the variations in linear velocity determined directly on animals may 
be seen by comparing our construction with the velocity cuives fre- 
quently published in standaid woiks in physiology® "We see no advan- 
tage, however, in convertmg our pulse flows into pulse velocities 

Wot only may the pulse flow be resolved into the two components, 
average flow and wave motion, but the two appear to us to depend on 
factors which are more or less independent of one another The average 
rate of blood-flow m an arteiy depends in the mam on the average 
arterial pressure and the amount of resistance offered to the flow of 
blood thiough the arteiioles and capillaries supplied by the aitery under 
consideration A limited area of vasodilation will greatly accelerate the 
local blood-flow although it may have but little effect on the geneial level 
oi arteiial pressuie The size and form of the pulse waves as dis- 
tinguished from the constant flow may, theoretically at least, vary widely 
even though the flow remains constant The pulse waves depend 
primarily on the systolic output from the heart and it is to be expected 
that they will vary with variations m the amount of blood expelled from 
the heart and with the character of the expulsion, lapid, slow, etc But 
the volume of the pulse entering any particular aiterial trunk is also 
dependent on the relative size of this trunk If for example the main 
artery leadmg to a part widens and the conditions throughout other 
parts of the ciiculatory apparatus remain unchanged, a more voluminous 
wave will enter this artery even though the size of the arterioles and 
capillaries which dram it remam unchanged The pulse waves are also 
greatly modified by their passage through the arterial tree Changes m 
the elasticity of the arterial walls, the tendency of the arteries to impart 
their own oscillation times to waves coming to them, the reflection of 
waves at the peiipherA^, all these render the finer analysis of the periph- 
eral pulse a matter of great complexity 

Thus far we have not used the abo^e method on animals hTor can 
it be confidently pi edict ed to what degree our results on the arm of man 
can be transferred to the pulse flows in other oigans or to the flow m 
the extremities of other animals It must be remembered that the pulse 
flow m each organ is dependent more oi less on local vascular conditions 
Variations m the size of the mam artery leadmg to the part, m the 
elasticity of this aitery, m its length and distance from the heart, and in 
the condition of the finer arterioles and capillaries will necessarily modify 
the picture of the pulse flow We know that m the arm of man the blood- 
flow usually mamtamed is far short of that which is possible under 
special conditions, such as local muscular exercise or the local or geneial 
application of heat So far as we know, no studies of the absolute pulse 
flow m an artery as distinguished fiom the lineai velocity had appeared 


8 Marey, E J La circulation du sang, Pans, 1881, Fig 188 
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previous to oui prcliminaiy report ” Since that time, Hurthle^® has 
recorded the pulse flows in the aiteries of the dog h}'’ means of a specially 
constructed Stiomuh His tracings obtained from the carotid and the 
femoral arteries diffei considerably fiom those which we have obtained 
from the aim of man, especially in regard to the finer waves present. 
The differences between our tracings and those of Hurthle are doubt- 
lessly due in pait to the difference in the arteiies selected for study. 
Aside from this difference in the material used, however, it is evident 
from Hurthle’s statements that his instimnent was far less sensitive than 
was ours to rapid variations in the blood-flow, and in particular he states 
that on account of its lack of sensitiveness reflected waves may escape 
record hv the Stiomuln which he used From oui studies we believe that 
reflected pulse waves are of great importance in certain types of the 
brachial pulse flow in man and that any method which falls to record 
these accurately misses one of the most interesting and important 
features of the pulse flow 

In the following articles certain types of marked modification of the 
pulse flow m the brachial artery will be presented, and we shall attempt 
to explain the causes of these modifications in accordance with the above 
considerations, so far as this seems possible It is not to be expected that 
our explanations will be fiee of error, but we hope, at least, that oui 
objective records will throw light on some of the complex problems of 
the peripheral arterial pulse of man 

II RELATION TO THE AVERAGE BLOOD FLOW EFFECT OF 

NITROGLYCERIN 

A W HEWLETT, J G Van ZWALUWENBURG and J H AGNEW 

ANN ARBOn 

GENEEAL POEM OP THE PULSE PLOW 

As a rule the pulse flow m the biachial artery follows a fairly uniform 
course There is a sudden and marked increase in the flow when the 
mam pulse wave arrives from the heart (Figs 1 and 3) Immediately 
following this primary wave there is a momentary slowing in the flow, 
which sometimes becomes a momentaiy backward movement of the blood 
in the artery This is interrupted by the positive diciotic wave, after 
which there is, as a rule, comparatively little movement m the column of 
blood in the artery up to the entrance of the next primary wave from the 
heart What little movement takes place during diastole is usually in 

9 Hewlett, AW Van Zwaluwenburg, J G , and Agnew, J W A New 
Method for Studying the Brachial Pulse of Man Tr Assn Am Phys , 1912, 
xxvii, 188 Read May 14, 1912 

10 Hurthle, K Ueher die Beziehung zwischen Druck und Geschwindigkeit 
des Blutes in den Arteiien Arch f Physiol, 1912, cxlvii, 526 
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the posltl^e direction, although it seems possible to have a stationary 
column of blood or even a slight continuous backward movement towaid 
the heait during diastole without pathological significance In addition 
to the mam waves desciibed above, there are fiequently finei oscillations 
on the tiacings other than those occasioned by movements on the part 
of the patient 

RELATION BETWEEN THE PRIMARY PULSE WAVE AND THE 

BLOOD-FLOW 

It has been pointed out m the piecedmg article that the pulse fiow 
may be resolved into two components, the average blood-flow to the part 
and the variation in this flow produced by the arterial pulse waves Of 
these waves the piimary pulse wave is the laigest and most important, 
and one of the first questions that aiises is whethei any relation exists 
between the size of the primaiy wave and the aveiage rate of blood-flow 
to the arm May one, in other words, draw any conclusion as to the rate 
of blood-flow in the arm from the size of the volume pulse ^ This ques- 
tion has been tested in two ways first, by comparing the blood-flows and 
the volume pulses of diflerent mdividuals under fairly uniform con- 
ditions, and second, by compaimg them in a single individual undei 
varying conditions In the following table we have recorded the aveiage 
rates of blood-flow in a numbei of individuals together with the heights 
of the primary pulse waves, as measured above the average blood-flow 


TABLE 1 — ^Relation Between Height of Pbimaet Wave and Bate of 
Blood Flow in Different Individuals 



1 


Total amount 





of blood 

Average blood- 

Name 


Height of 

entering the 

flow in c c 

Diagnosis 

primary waves 

arm in a 

per 100 c c of 



in c c 

complete pulse 
cycle in c c 

arm substance 
per minute 

Bis 

Patent ductus 



arteiiosus 

0 66 

04 

17 

Ur 

Neurasthenia 

06 

05 

18 

Fh 

Rheumatism 

04 

04 

23 

Eas 

Arthritis 

09 

07 

26 

McQu 

Aneurism 

05 

0 5 

3 2 

bmi 

Pleurisy 

05 

07 

36 

GUI 

Diabetes and 





arteriosclerosis 

0 95 

07 

38 

Hic 

Hypertension 

06 

08 

45 

JMus 

Hypertension 

06 

12 

46 

Haz 

Hypertension 

06 

09 

54 

Uha 

Pernicious anemia 

0 45 

08 

57 

Mor 

Pernicious anemia 

06 

1 5 

60 

Ely 

Hypertension 

09 

1 1 

6 1 

btem 

Hypertension 

07 

1 0 

62 


It IS evident from this table that in different individuals the size of 
the volume pulse gives no indication of the rate of blood-flow to the arm 







Instrumental oscillations 106 per second A is the pulse flow tiacing B is an 
oidinary pletliysmogram taken from the same individual when the venous out- 
flow from the arm ivas not obstructed C is a construction of the pulse flow from 
the plethysmogram and from the average flow of blood as determined by our 
usual method D is a velocity construction or tachogram This was constructed 
from A by erecting trigonometric tangents of the curve on an abscissa repiesent- 
ing the time In all of our figures the horizontal interruptions of the tracings 
represent differences of volume of 2 c c and the vertical interruptions are pro- 
duced by a time marker Two vertical interruptions represent one-half second 
The average rate of blood-flow was 5 c c per 100 c c of arm substance per min- 
ute The primary wave put in 0 46 cc above the average rate of flow The 
total amount of blood entering the arm with one complete pulse cvcle vas 1 35 c c 
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The blood floii to the aim may be maikedly influenced by the room 
temperatnie“ and by exeicise of the aim within the plethysmogiaph 
In one set of expeiiments a single indiMdiial was sub;)ected to a variety 
of loom tempeiatiiies When the loom tempeiatuie uas agieeable the 
blood-flow to the aim usually langed betiveen 3 c c and 6 c e per 100 c c 
of arm substance pel minute, dining maiked chilliness it fell to 1 5 e c , 
and duimg uncomfortable warmth it rose to 13 7 c c During agreeable 
room temperatures the flow pursued the course already outlined The 




Fig 2 — Ihe pulse flow and the constiucted tacliogiam in a typical nitio 
gheeiin pulse From the same individual as Figure 1 Instiumental oscilla- 
tions 106 pel minute Kote the inciease in the size of the primaij'^ wave, the 
maiked negatne nave immediately following, and the elimination of smaller 
secondal^ waves Aveiage late of blood-flow Sec pei 100 c c of aim substance 
per minute The piimaiy wave put in 13 cc above the aveiage rate of flow 
The total amount of blood enteimg the aim in a complete pulse cycle was 1 1 c c 


11 Hewlett A W The Effect of Room Tempeiatuie upon the Blood Flow 
111 the Aim vitli a feu Observations on the Effect of Fevei Heart, 1911, ii, 230 

12 Heulett A W and Van Zualinienbuig, J G The Rate of Blood Plow 
in the Aim Heait 1909, i, 87 
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piimaiy wave delneied fiom 0 45 to 0 9 c c of blood measured above the 
aveiage rate of inflow, and tbeie was eompaiativel} little movement in 
the column of blood fiom the end of one piimaiy wave to the beginning 
of the next When the individual was chilled and the blood-flow to the 
aim was i educed to a niinimnni, theie was ubually a eoi responding 
reduction in the size of the primaiy pulse wave so that the main inflow 
to the aim still occuiied dining the eaily part of systole, and fiom then 
on the flow piactically ceased There was, however, a tendency for the 
leduction in flow to be somewhat gi eatei than the leduction in the 
piimaiy wave, which lesulted, in some tiacings, in a tendency to a slight 
back-flow of blood between the piimaiy pulse waves 

When the loom was heated and the floiv of blood was maikedly 
mcieased theie ivas but a model ate inciease in the height of the piimaiy 
pulse Avave as measuicd aboie the aveiage late of blood-flow The floiv 



Fig 3 — llie effect of a iiiaiked change in the blood How on the pulse flou 
Instiumental oscillations 46 pei second A The oidinaiy flow uas 2 4 cc pei 
100 cc of aim substance pei minute 3he wave was laige lelative to 

this flow A jiait of the piimaiv AA^ave AA'as immediately leflected duiiiig the 
systolic poitioii of the pulse and the tiacing sIioaas a sIoav backuaid Hoav duiiiig 
diastole B FolloAAing exeicise of the aim AAothin the plethysiiiogiaph the floAV 
was inci eased to about 20 c e pei 100 cc of aim substance pei iiiiiiute The floAV 
in the biaehial aiten iiioie iieaily appioaches a stiaight line 

betAveen piimaiy Avaves Avas, liOAA'-eAer, maikedly mcieased Instead of 
the step-like entiancc of blood into the aim Aidiich chaiacteiizes the 
usual flow into the biachial aiteiA^, theie AA^as hoav inoie of a continuous 
floAv thioiighoiit all paits of the pulse cycle This same type of tiacina; 
Avas also obtained in the lapid floAv folloAvmg exeieise of the muscles 
Avitlim the plethysmog] aph (Fig 3), and it AA’^as occasionally encountered 
ill patients Avitli unusually lapid lates of floAy The explanation of this 
change m the foim of the pulse floAv appears obvious Oidmaiily the 
amount of blood deliAeied to the aim by the iiiimaiy pulse AA’-ai^e is about 
equal to that AAdiich is alloAA^ed to escape thioiigh the finer aiteiioles 
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diuing the entiie pulse cjcle When, howevei a -sen^ lapid-flow of blood 
through the part is demanded, the aiteiioles lelax and the laige amount 
of blood passing through them can no longer be supplied by the piimaiy 
pulse waves Consequently the flow in the biachial aiteiy becomes more 
or less continuous 

It IS apparent, therefore, that eien in a single indnidual the si/e of 
the loliimp pulse is no accurate guide to the rate oi blood-flow through 
the arm This is especially true of very rapid flows, for in these the 
rate of flow is always mcieased to a fai gi eater extent than is the 'Jize of 
the pi unary waves We shall return to this lack of parallels hetween 
the blood-flow and the size of the piimaiy wares in tlie discussion of the 
nitroglycerin pulse, where rery large piimaiy wares aie associated rrith 
relatively slorv florvs (Table 2) 


TABLE 2 — Relation Betmten Height oi PnirivKY Wwl vxd Batt or Biood 
Flow in a Single Indimdual With and Witholt Xitroglicerin 


■Without NitiogHcenn 


■With 2s iti ogh cei in- 


Height of 

Piimaiy Wave 

HI c c 

One 

O 

Total Blood 
Enteiing in 
Pulse Cycle 
in c c 

Aveiage Flov 
ec Pei 100 
of Aim Pei 
Minute 

0 36 

0 41 

1 5 

0 26 

0 50 

20 

0 77 

0 72 

3 1 

0 96 

1 47 

63 

0 95 

1 48 

6 9 

0 90 

25 

13 7 


NTEGATlVr OR BACK-FLOrVl 



O 


O 

> 

c: 

TeS " 

Total Blood 
Entering in On 
Pulse Cjcle 
in c c 

^ o - 

s, ^ ^ 

53 S 

> « o ^ 

0 86 

0 33 

1 5 

1 09 

0 35 

1 7 

1 10 

0 52 

2 1 

106 

0 99 

40 

0 95 

1 14 

5 4 

1 20 

1 34 

G 0 

1 12 

1 53 

7 1 


IN THE BRACHIAL ARTERY 


Indications of backrvard movement of the blood-column in the 
brachial aitery are fiequenth encounteied in our tracings These back- 
ward movements anpeai to be of two varieties In the first the florv is 
of short duration and of wave-like character This type of negative florv 
IS most apt to occur dining the late systolic period of the pulse, iniine- 
diately after the primary rvare As it is particularly rvell marked in the 
nitiogl3eerm pulse its discussion mil be deferred until that pulse is 
considered 

The othei type of baekrvaid movement is of a moie continuous chai- 
actei and extends from the dicrotic ware to the beginning of the next 
piimair wave This continuous, diastolic baekrvaid florv is paitieulaily 

13 1*01 convenience ve shall speak of the srstolic penod of the pulse as the 
portion pieceding the beginning of the dicrotic rvaie although ue aie auaie 
that this inav not exaetp lepiesent the peiiod of lentiiculai sr stole 
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maikeci in inan}^ tracings fiom aoitic insufficiency, but it is occasionally 
indicated even in noimal individuals (Fig 3) Although tracings from 
noinial individuals occasionally show this continuous diastolic back-flow, 
the aceuiacy of these tracings might be questioned The retiograde 
moiement on the tracings is never very niaiked and should oui records 
under estimate the true blood-flow by 10 oi 20 pei cent, then the 
supposed negative flow would usually disappear We are inclined to 
believe, however, that a slight continuous diastolic back-flow may occa- 
sionally occui in the biachial aitery, even in noimal individuals Theo- 
letically, at least, this seems possible The flow between the primary 
pulse waves depends on the relation winch exists between the amount of 
blood put into the brachial aiteiy by the primary wave and the amount 
escaping through the arterioles during the entire pulse cycle The latter 
IS piopoitional to the average blood-flow If the average flow is fast 
relative to the size of the piimaiy waves then the flow between beats will 
be positive and lapid, as is seen after local exeicise (Fig 3) If, on the 
other hand, the average flow is relatively slow, then the flow between 
beats may be reduced to zero oi even to a negative quantity (Fig 3) 
These two factors^ average flow and size of primary waves, are certainly 
more or less independent of each another The former depends in the 
main on the blood-piessuie and the resistance encountered in the smaller 
aiteiioles and capillaries The latter depends on various factors, espe- 
cially the amount of ventiicular systole and the size of the local arteiies 
If, for example, the finer aiteiioles become constricted so as to cut dmvn 
the average blood-flow and at the same time the systolic output from the 
heart and the size of the larger aiteiies leading to and in the aim are 
not affected, then a large pulse uai^e will enter the biachial aiteiy Not 
all of this blood can escape inlo the capillaries and veins dining the pulse 
period, and some will, tlieiefoie, be letuined toward the aorta between 
pulse beats Apparently this leturn may be in the form of a sudden 
wave late in systole oi as a more continuous flow during diastole oi as a 
combination of the two Such a letuiii of blood from the biachial aiteiy 
need cause no rise in the general arteiial piessuie, foi the flow thiough 
othei oigans may be so fiee as to counterbalance the local resistance 
encountered in the aim 

THE NITBOGLYGERIlsr PULSE 

Nitioglyceiin, even in such small doses as one drop of the 1 pei cent 
alcoholic solution placed on the tongue, usually produced marked changes 
in the form of the peripheral pulse These changes begin in two oi three 
minutes, reach then maximum in five oi six minutes, and pass off in 
fifteen minutes oi moie The ladial pulse becomes laigei and fuller, 
and the pulsations iccoided by the Eilangei sphvgmomanometei become 
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largei “ Plethysmogiaph lecords of the aim usually show aim sw^ellmg‘- 
of 15 c 0 or moie, amounts which aie of the same oidei of magnitude as 
those produced by the bnef applications of heat oi cold to distant pait'- 
of the skin^’ The plethysmogiaph pulse becomes distinctly laigei 
Changes in the blood-flow to the aim also occui, but ive haie found the 
flow^s to be sometimes fastei and sometimes slowei, and on the whole, the^ 
aie rathei difficult to follow^ The maikcd inciea«e in blood-flow^ wdiich 
might be anticipated fiom the aim sw'elling and fiom the increase in the 
size of the A^olume pulse is not lealized 

This lack of parallelism betw^een the aim swxlling and the local blood- 
floAV IS noteworthy bccaase it is often a‘?sumed that a lapid inciease in 
the si/e of an oigan is tiustwoithy evidence of an inciea^e in the local 
blood-floAV Such a paiallelism seems to exist wdien the aim is subjected 
to thein.ic influences/^' but it is ceitainly absent in nitioghceiin action 
This dispropoition betwoen aim swelling and blood-flow' may occiii even 
when the systolic blood-pies^^uie is but slightly i educed, and we have 
attributed it to a dilatation of the ai tonal tiiinks without a coiiespondmg 
lelaxation of the aiteuoles wdiich aie belieied to goiein the local flow' 
The somewhat similai obseivation of Bunch*^" that the submaMllaiy 
gland may deciease in size eixn though the local blood-floiv inci eases, 
has been held to be due to a reduction m the size of the gland by lo«s of 
secietion 

Tlie changes m the biachial pulse flow pi od need by nitioglyceiin aic 
so chaiacteiistic, that in going ovei a set of lecoids, the nitioglyccim 
tracings can usually be recognized wuth ease Then mam featiiies, 
leadily seen by companng Figure 2, A wutli Figuie 1, A, aic the laige 
size of the primaiy waAe^ the maiked negative ivave immediately follow'- 
ing the laige diciotic ivave, and the elimination of othei 'secondaiy 
oscillations In the individual paiticulaily studied, the piimaiy pulse 
W'aAes at the height of the drug action wxie ahvays veil' laige, equalling 
01 exceeding the piimary weaves wdiich accompanied the most lapid blood- 
flows caused by a ivaim room (See Table 2 ) Even wdien the flow' of 
blood through the aim ivas gieatly sloived by a chilly loom, the piimaiv 
w'ai eo of the nitroglycerin pulse remained large 

Tw'o explanations of the laige nitiogljceiin pulse seem possible On 
the one hand it is conceii'able that this might depend on the maiinei in 

14 He\\lett, A W The Effect of Amvl Nitiate Inhalations upon the Blood 
Pressuie in Man Joui Med Eesearch, 1906, xv, 383 

15 Mullei, O Uebei die Blutverteilung im niensclilichen Koipei nntei deni 
Einfliiss therniischei Reize Deutsch Aich f klin ]Med , 1905, Ivwii, 547 

16 Hc^^lett, A W, Van Z'i^aluwenbuig, J G , and Mai shall Maik The Effect 
of Some Hjdrotheiapeutic Piocedures on the Blood Flow in the Aim The 
Abciii\es Ixt Med, 1911 vm, 591 

17 Bunch I L On the Changes in Volume of the SubmaxillaiA Gland Dm 
ing Actl^lt^ Join Plnsiol, 1900, xxvi, 1 
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which the blood is expelled from the lieait A laige systolic output oi a 
sudden emptying of the ventiicle against a low aiteiial piessnie might 
cause a pulse wave of unusual height, which was propagated as such into 
the biachial aiteiv On the other hand, the laige pulse wa\e might be 
due to a lelaxed condition of the laigei vessels in the arm Animal 
expeiiments^® have shown that nitioglyeeiin incieases the systolic output 
in some dogs, but not in otheis The effect on the caidiac output in man 
is noi known, foi conclusions diawn fiom changes in pulse pre'^suie aie 
open to numeious ciiticisms^^ On the othei hand, theie is positne 
evidence m favor of the view that the nitioglyeeiin changes in the 
brachial pulse of man aie due to peiipheial influences, for we have 
lepeatedly found that caiotid tracings taken by tambouis do not shov 
these changes even when the biachial tiacings do (Fig 4) 

Carotid tiacings aie faiily repiesentatn e of the cential aoitic pul«e, 
and we aie, theiefoie, inclined to attiibuto the chaiacteiistic change^ 



I'lg 4 — Pressme tiacings fiom the caiotid aiteiy (abo^e) and fiom the 
biachial arteiy (below), befoie (A) and aftei (B) the adininistiation of nitro- 
glyceiin Note that the biachial ^\as aflected to a fai gieatei extent than the 
cai otid 


of the mtroglyceim pulse to changes in the peiiiiheial aiteiies A 
lelaxed condition of the aitenal trunks leading to and distiihuted in 
the arm would peimit a laige undamped wave to entei the brachial 
artery Direct evidence in favoi of the aiteiial relaxation is found iii 
the obliterations of the smallci aiteiial oscillations, for VeieP® and 
Muller end Weiss-^ have shown that these tend to disappeai fiom the 
pressure pulse of ihe radial artery when the tonus of the laigei arteiial 
tiunks IS diminished 


18 MacNidei, W de B The Action of the Nitiites on the Heait Am Join 
Med Sc , 1908 exxxv, 99 

19 Mullei, O Dei arteiielle Blutdiuck und seme Messung beim ilenschen 
Eigebn d inn Med u Kindeih , 1908, ii, 3G7 

20 Veie], E Uebei die Bedeutung dei Piilsfoim Deutsch Aich f klin 
Med , 1912, cv, 250 

21 Mullei, 0, and Weiss. E Uebei die Topogiaplue, die Entstehung xmd 
die Bedeutung des menschlicben Sphygmogi aninies Deutsch Aich f klm Med 
1912, cv, 320 
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PrrilPHFEAL RLFLECllOK OF THE PEIMAEY PULSE AVAYE 

The biief negaiiAe AAaYe oi late systole Avluch sometimes folloivs the 
primary wai^e even on noimal tracings is veiy maikedly accentuated in 
the nitioglycerin pulse There seems to be no possibility of attributing 
this negative wave to an expeiimental eiroi, foi it is much too prolonged 
to be due to a defect in the recording appaiatus, and tlie negative flow 
IS fai too rapid to be explained as due to any eiioi in the estimation of 
the average blood-flow To oui minds no explanation for this negative 
wai^e seems possible, other than that it is due to a momentary and marked 
wai'e of back-flow in the brachial aiteiy Although the I'elocity tiacings 
that have been taken diiectl}’’ from animals are open to the criticism, that 
the instruments used were not especially adapted for recording sudden 
changes in movement, nei^eitheless, it is interesting to note that in some 
of these*^ a negative i^elocity has been leeoidcd ]ust following the marked 
positne A’'eloeity produced by the primal y pulse ivave Further moi e, in 
V Kries’ tachogiams, as well as m one published by 0 Frank, the 
greatest reduction in leloeity occur led ]ust aftei the main ivai'e, and v 
Kiies” has shown that this reduction of velocity is paiticulaily well 
maiked in certain stages of amyl nitrite action These records of abso- 
lute and of relative pulse Aelocities therefore, agree with oui tracings 
of the pulse floiv in the brachial artery of man in shoiving that a negatiie 
wave in the artery might be expected just following the main pulse vaie 
The question arises as to ivliethei this negative wave in the biacliial 
artery is of central or peiipheial origin If of central origin, its explana- 
tion would be that frequentl}’’ given for the dicrotic notch, viz a 
negative irave originating at the beginning of the aorta and produced by 
the settling back of the blood-column against the semilunar i^alves 
There can be no doubt that a negatm ware of this chaiactei does 
originate at the base of the aorta, but it is too small to explain the 
maiked back-flow Avhicli occurs in the brachial arteries during the action 
of nitroglycerin, for 0 Frank-* has shown that the closure of the valves 
produces only a brief notch in the aoi tic pi essui e tracing The negative 
flow Avave in the brachial artery, on the other hand, ma}’’ amount to 0 5 
c e , and to oi^er 50 pei cent of the piimaij'^ v’^ave aftei gmng nitio- 
gl}ceiin AVe have, therefore, concluded that in the brachial artery the 
negative vai^e of late systole is due in the mam to peripheral influences 

Theie has been considerable discussion among physiologists as to the 
degiee to which peripheral reflection of pulse waves may afiect the foim 
of the pulse It is well recognized that ivlienever a liquid ivave travels 
along an elastic tube of great length, it vnll be in part reflected as a 

22 Marev, E J La ciiculation du sang, Pans, 1881, Fig 188 

23 Frank 0 Konstiuktion und Theoiie eines neuen lachogiaplien Ztschr 
f Biol 1907 1 303 

24 Flank 0 Dei Puls in den Aiteiien Ztschi f Biol, 1905, xlvi 441 
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positive wave wheiievei an obstiiiction is met, and that it will be m pait 
leflectecl as a negative wave wlienevei the tube suddenly widens The 
lesultant of such a combination of leflected positive and negative waves 
fiom numerous points m the aiteiial tree must be extremely complicated, 
and attempts to explain variations in the pulse foim fiom this point of 
view have not led to very satisfactory conclusions 0 Fiank^'^ has, there- 
foie, pioposed that the subject be viewed from a somewhat different 
point of view He has shown that in the central aoitic pulse there is 
little evidence of the presence of waves reflected fiom the peiiphery On 
the othei hand, the femoral pulse of the dog differs markedly in type 
fiom that of the aorta Theie is not simply a smoothing out of the 
geneial featuies of the aortic pulse such as one might expect fiom the 
passage of a wave along a long elastic tube, but the dicrotic notch is 
deepened, the pulse piessure is markedly inci eased and the piimaiy wave 
may show a higher systolic pressure than actually exists in the aorta 
Dawson-^ has also shown that the maximum piessuies may be liighei at 
certain paits of the aiteiial tiee than at the root of the aorta In older 
to explain his findings, 0 Frank has compaied the pulse in the per- 
ipheiai aiteries with the piessuie records obtained by a manometer of 
lelatively slow vibiation period Such a manometer w.ll defoim the 
oiiginal pulse pictuie by imparting its own oscillation time to the waies, 
and it IS piobable that the elastic aiteiies will have a similar effect on 
the pulse which conies to them According to Fiank, the wave motion 
m the aiterics is more leadil}’" understood if it be compared with the 
stationaiy waves of a relatively short closed elastic system than if it be 
compaied to the waves which travel along elastic tubes of gieat length 

The hypothesis which we have adopted to explain the marked nega- 
tive flow towaid the end of the systolic period of the nitioglycerm pulse 
IS 111 accoid with Flank’s views This hypothesis is as follows Wlieii 
nitiogtyceiin is given a large piimary wave enters the relaxed brachial 
artery and passes down its hranches, but since only a small portion of 
this wave can escape through the unrelaxed aiteiioles and capillaries, the 
laiger aiteiial trunks and then branches become distended, and thiough 
their elastic lecoil the wave is returned towaid the heart According to 
this hj'pothesis, the immediate reflection of the piimai}'’ wave fiom 
vaiious points in the arteiial tree becomes of less impoitance than the 
reflection by the distention and elastic recoil of the arterial walls To 
make the conception moie clear, one may compare the reflection of pulse 
waves with the reflection of an an wave, which enteis a resonator of the 
general type of a flask with a i datively naiiow neck When a sudden 
wave of ail is thrown into such a flask it is not immediately leflected as 

25 Dawson, P The Lateial Blood “Piessuies” at Diffeieiit Points of the 
Aiteiial 'liee Am Joui Physiol, 1906 w, 244 
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it would be fiom a plane suiiaee, but it causes a compiession of the an 
uithin the flask, and this is icflected by the ''elastic lecoib” of the coui- 
picssed an Its peiiod of oscillation is fai loiigei than if the nave had 
entered a closed pipe which did not open out into a flask AVe believe, 
theiefoie, that the leflection of the pnniaiy ^^ave fioin the peiipheiy, 
which IS such a pioinment featuie of the nitioglyceiin pulse, is due in 
the mam to an elastic lecoil of the laigei aitencs and then bianebe« 

Even undci noiinal ciicunistances a negative ^\a^c of hlood-flow in 
the biachial aiterj fiequentlj succeeds the piimaiv pulse wave AVe 
belieie that this is to be explained on the same piineiple that we hare 
used to explain the occuiience m the nitioglyceiin pulse, mz; , by a 
leflection of the mam pulse wave due to the elastic lecoil of the aiteiies 
The peculiai featuies of the nitioghceiin pulse may all be explained by 
assuming a i eduction m the tonus of the laigei aiteiies and then 
blanches 

CONCLUSIONS 

1 An augmentation of the aim lohnne does not nece'^saiilv indicate 
an mcicase m the local blood-flow Tins is seen m the nitioglyceiin 
pulse 

2 The volume pulse is no leliable index of changes in the blood-floiv 
tlnough the aim In diffeient pathological conditions the tivo beai no 
lelation to each othei In a single indnidual the volume puhe is lela- 
tively small when veiy fast flows aie pioduced bv heat and by exeici'^e, 
and it IS relatively large after nitioglyceiin has been gnen 

3 A slow back-floiv towaid the heait dining the diastolic peiiod of 
the pulse is indicated in some of our noimal tiacmgs of the biachial 
pulse flow^ This is not common, how^ever, and it may be due m some 
cases at least to technical eiiors 

4: A peiipheial reflection of the piimaiy pulse ivaie due to the elastic 
recoil of the peiipheial arteiies may piodiice a negative ivave of flow m 
the biachial arteiv dining late systole This is a veiy piomment featuie 
of the nitioglycerm pulse 

III AORTIC INSUFFICIENCY 

A W HEWLETT and J G VAN ZWALUWENBXJRG 

ANX arbor 

In some patients w ith ph 3 sical signs of aoitic insufficiency the aiteiial 
pulse shows but few changeb from the noimal In its t 3 "pieal foim, 
how'evei the aiteiial pulse of aortic insufficiency is chaiaeterized by a 
laige and sudden use (pulsus magnus et celei , watei hammer pulse) and 
by a lapid fall (collapsing pulse) The aiteiies are often toituous and of 
laige calibei The diastolic piessuie is low^ and the difference betw^een sys- 
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tolic and diastolic piessiues is maikedly mcicased, so that these changes 
in the piessiires constitute an impoitant sign of the disease In t3^pical 
cases the sphymogiam of the ladial pulse is unusually laige Accoiding to 
Mackenzie and Bioadbent the most chai acteristic featuie of the radial 
pulse IS the lapid fall which takes place before the occurrence of the 
diciotic notch Stewait-® had. pointed out that since the diciotic notch 
maiks the end of ventiicular systole this fall pievious to the notch cannot 
depend diiectly on a reguigitant wave into the ventiicle Mainly on the 
basis of animal expeiiments he has advanced the view that theie is a 
ledex inhibition of the ’lasomotoi centei which inci eases the flow thiough 
the capillaiies and so loweis the blood-piessuie even dining the lattei 
pait of the caidiac s3"stole Accoiding to Stewait^ the amount of blood 
which leguigitates into the ventiicle is inconsideiable and the fall of 
diastolic piessuie is mainl3'- dependent on the inci eased flow thiough the 
capillaiies MacCallum-" has studied the effect of aortic reguigitation 
on the pulse foim and the prcssuies when an aitificial (lubber) aoita is 
connected to the living heart of a dog His measuiements indicate 
that while the amount of blood which leguigitates into the ventiicle in 
artificially pioduced aoitie iiisufficiency is small when expiessed in cubic 
centimeteis it may be large lelative to the ventiicular outjiut Mac- 
Callum's method of expeiiment enabled him to measuie diiectly the 
outflow fiom his artificial aorta and he was thus able to demonstiate 
that the pulse foim and piessuie changes characteristic of aortic insuffi- 
ciency did not in his expeiiments depend on an increased outflow As a 
lesiilt of these experiments, he concluded that in aortic insufficiency the 
leguigitation of blood into the ventricle pioduced the low diastolic 
piessuie, that the extensive and violent excursions of the ventiicle pio- 
dueed the laige pulse piessure, and that the low diastolic tension of the 
aiteiial wall allowed a large s3’’stolic "fling” which accounted foi a laige 
part of the high pulse wave and foi the low position of the dicrotic notch 
It seems to us that the objections which might be laised to MacCallum’s 
experiments i elate mainly to the "fling” which he desciibes Did this 
fling in his tracings originate in his recoiding appaiatus oi in the lubbei 
tube used to leplace the aoita, and if it oiiginated in the latter, may one 
assume a similai "fling” m the aiterial S3'’stem of man’ 

We have approached this subject from the study of the biachial flow 
pulse as it occurs m the aortic insufficiencj'' of man It is tiue as Mac- 
Callum has pointed out that in man the conditions may be modified by 
secondaij'- changes in the arteiies themselves, and that the chaiacteiistic 

26 Stewait, H A Expeiimental and Clinical Investigation of the Pulse 
and Ploocl Piessuie Changes in Aortic Insufficiencj'- The Archives Ixt Med 
1908, 1 , 102 (Liteiatuie leAuewed ) 

27 MacCallum, W G The Changes in the Calculation in Aoitic Insuf- 
hciencj' Bull Johns Hopkins Hospital, 1911, xxii, 197 
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pulse in man maj^ not be due entnely to the valve lesion Howevei, since 
the chief interest in the subject centers about the collapsing pulse as 
observed elinically;, it is of prime importance that one should obtain a 
clear conception of the collapsing pulse encountered in man The follow- 
ing questions theiefoie present tliemselve'! Is theie an appreciable back- 
flow in the brachial aitery dining diastole in typical instances of the 
collapsing pulse’ Is the fall of piessine which has been recorded dining 
the latter part of sj^stole due to a lapid escape of blood tlnoiigh the 
capillaries oi is it due to an arteiial ^^finig’^^ 

Tiir peoiahy nAvn in collapsing pulses 

The following study of the biachial pulse flow in aoitic insufficiency 
IS based on tracings obtained from seien patients who shoved all degiees 
of the vascular phenomena chai actei istic of tins lesion This list 
includes all patients showing maiked lasciilai phenomena who presented 
themselves at the medical clinic dining the past eight month<?, but omits 
four or fire with diastolic muimuis unaccompanied by definite vascular 
phenomena, for the reason that little change from the normal vas to be 
expected in such cases In the following table the cases are arranged 
according to the size of the primary pul'se waves in the biachial aitery 
as measured above the average inflow 

TABLE 3 — Pbimart Wavc iis' Collapsing Pulses Cases Aruanged Accord 
iNG TO Size of Prijlary Pulse Waves in the Brachial Artery as 
Mevsured Above Aaeragl Inflow 
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It Will be seen that in five of the seven eases the vascular phenomena 
were cliiiieallj'^ well maiked and m tvo they veie absent or slight In all 
of the foimei the primary wave equalled oi exceeded 1 4 c c of blood 
This large primary ivave is chai aetenstic of the maiked vasculai phe- 
nomena of aortic insufficiencjL for in no othei condition have we 
encountered primary waves which exceeded 1 1 c c , while the usual size 
of the piiniarjr wave is from 0 4 to 0 9 c c The causes of a large primary 
wave have already been enumerated m the discussion of the large wave 
of the nitioglyceiin pulse In brief they are (1) a large oi sudden 
'5}‘:tolie output from the heart, and (2) a relaxed condition of the 
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peiiplieial aiteiies which allows a large pulse wave to enter them Both 
factors probably play a pait in the pioduction of the unusually large 
primal y wave which seems to be characteristic of collapsing pulses 

THE DIASTOLIC BACK-FLOW IN THE BRACHIAL ARTERY 

We have alieady mentioned the fact that a slight continuous back- 
flow duiing the diastolic period of the pulse may be indicated by oui 
tiacings fiom noimal individuals This is rather uncommon, however, 
and it IS always a slow movement In the case of the collapsing pulse, 
the diastolic back-flow may be very lapid, and in some of our tracings 
till ee-f ourths of the blood which enteied the biachial during the primary 
wave left again during tlie reniamdei of the pulse cycle (Fig 5) The 
actual amount of back-flow depends in pait on the amount of blood which 
IS alJoued to pass througli the aiteiioles and capillaries into the veins 



pulse cycle u as 0 5 e c 

Should the peiipheral resistance in the arm be i educed then a large part 
of the blood which enteis with the primal y wave may pass on into the 
capillaries and veins, leaving but little to be returned towaid the heart in 
diastole Such a condition is not the lule, however, and it is certain that 
the collapsing character of the pulse has nothing to do ivith the amount 
of resistance offered by the local arteiioles and capillaries of the arm 
It was piesent whethei the blood-flow in the arm was rapid or slow 
(Table 3). 

It IS possible to demonstiate in another way that the diastolic fall of 
piessuie in aoitic insufficiency does not depend on a rapid flow through 
the capillaiiCjS of the arm Owing to the low diastolic pressuie in ihis 
condition, a lelatiiely low piessuie must be used in the cuff that we use 
to coiistnct the veins just outside of the plethysmogiaph In aortic 
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insufficiency piessuies of 40 to 70 mm of ineiciiiy iiiav usually be used 
without markedly deforming the flow tiacings AVhen liighei pies'iuies 
(70 to 120 mm ) aie used, an interesting defoimity appeals on Ihe 
tiacmgs As will be seen in Figuie 6, the le'iult is a reduetion in the 
height of the piimaiy wave and a coincident i eduction in the back-flow 
duimg the lattei pait of the pulse tiacing Idle rate of blood-floiv to 
the aim lemains piactically unchanged The higliei pie^suie in the cuff 
has cut off the aiterial inflow and arteiial outflow to about the «ame 
extent Had the niaiked fall m diastolic piessuie been due to a lapid 
flow thiough the aiterioles and capillaiies of ihe aim, one vould haie 
anticipated that a use of piessuie in the cuff above tbe diastolic pies«uie 
would have inteirupted this onflov and have slowed the late of flov to 
the aim 



i<ig G — Examples of the defoimity pioduced in the collapsing pulse bv bigh 
piessuies in the eonstiicting cuff outside of the pletlu smogiaph In A a pies 
suie of go mm Hg was applied and in B a piessuie of 118 mm Fioin the 
same patient as Figuie 5 The aveiage rate of flon in the aim nas not diminished 
in spite of the defoimity of the cuive pioduced by the high piessuie 

Fiom our tracings, therefoie, ive conclude that in aoitic insufficiency 
theie IS a marked back-flow in the biachial arteiy dining the diastolic 
portion of the pulse cycle This back-flow in tbe brachial aitei}" is nof 
dependent on gravity, for it has been obtained even ivlien the aim is 
loweied below the geneial let el of the body Fuitheimore, this back- 
flow IS not limited to the brachial aitery, for in these patients a diastolic 
miiimui can be produced in the femoral aiteiy by a proper degiee of 
compression This phenomenon, Duioziez’s sign, is difficult to explain 
in any othei way than by assuming a back-flow in the femoial aiteiy 
dining diastole 

One might attempt to explain the ier3r marked diastolic back-flows 
fieqiiently seen in the biachial arteries of patients with the collapsing 
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pulse by ass-animg an extiemely free flow of blood thiongli the internal 
organs Yet a similai degree of diastolic back-flow has not been enconn- 
teied in any othei condition, whereas it is the rule in the collapsing 
pulses of aortic insufficiency It seems to us quite ceitain^ therefoie, that 
the maiked diastolic back-flow is due to the reguigitant leak through the 
aortic lalves and that when marked it is pathognomonic of this lahe 
lesion 

PERIPHERAL REFLECTION IN AORTIC INSUFFICIENCY 

Theie leniams for consideration the well-marked back-flow in the 
brachial aiteiy which extends from the end of the primary ware to the 
beginning of the dicrotic wave If we assume that the latter coriesponds 
approximately to the closure of the semilunai valves, then, as Stewart has 
pointed out, it is not possible to explain this back-flow as being due 
directlv to the leguigitatioii of blood into the ventiicle It seems to us 
evident that this ‘systolic back-flow iii aoitic insufiSciency is in eveiy way 
comparable to the similar liack-flow of the nitioglycerin pulse and that 
like the lattei, it depends on an elastic reflection of the piimai}" pulse 
wave flora the peripheiy Indeed, the conditions m aoitic insuflSciency 
are peculiaily favoiable for such a reflection, foi a laige quantity’’ of blood 
IS expelled by the lentiiele into a vascular system already lelaxed bv the 
leguigitant leak Tlie laige pulse wave tiavels thiough the relaxed 
aitenes to the obstiuction encountered in the finer aiteiioles and capil- 
laiies, and it may even entei the lattei pioducmg the capillaiy pulse 
Our flow tiacings, houeiei, show that but a small pioportion of the waie 
IS allowed to pass the capillaties The major portion distends the laige 
aiteiies A pait is immediately thrown back bv their elastic recoil, while 
another pait is often returned towaid the lieait during diastole 

CONCLUSIONS 

1 The biachial pulse flow in tjqncal cases of the collapsing pulse of 
aortic msuthcieiicy is chaiacteiizcd by (1) the large size of the piimaiy 
wave, (2) by the common occurience of a rapid back-flow during diastole 
and (3) by a maiked reflection of the primaiy pulse wave 

2 The laige primary wave depends in pait on the unusual amount 
of blood expelled by the left ventricle dm mg sj’stole and m part on the 
lelaxed condition of the arteiial tree 

3 The back-flow dining diastole is due mainly to the reguigitation 
into the left ventiicle 

4 The back-flow dining the lattei portion of systole is due to an 
unusually maiked leflection of the large piimaiy pulse wave, produced 
by an clastic recoil of the peiiiiheial aiteiies 



THE EFFECT OF TEMPOEAEY OCCLUSION' OF EENAL 
CIECULATIOU ON RENAL FUNCTION 


R FITZ, MD A^D L G ROWNTREE, MD 

n Vt.TUtORI> 

Of gieat impoitance in relation to the suigeiy of the kidney is the 
question concerning the length of time that tlie lenal vessels may be 
clamped without permanent injui}'' to lenal function oi lenal tissue Tlie 
question is dealt uith here eApeiimentcullv The lenal vessels in labbits 
and dogs have been clamped, foi var3'ing peiiods of time, and sub'^e- 
quently renal function has been tested, b^'^ the e\cietion of phenolsiil- 
phonephthalein, lactose, pota< 5 Sium lodicl, salt and watei Tlie piesence 
01 absence of albumin and casts in the uiine has been obseived The 
results of such functional studies liave been conti oiled bv hi'^tological 
evamination of the kidnevs 

The effect of obstruction to the lenal cii dilation on the iiiinaiy 
picture and the histology of the kidney has alieady been investigated 
Eobinson^ showed that tying of the lenal vein lesulted in the appeal auce 
of albumin blood, or both, m the urine, and in enlaigement of the 
kidney This has been confirmed by other obseiveis Paneth,- Munk® 
and de Souza^ have shown that following ligation of the lenal vein, the 
urine is small in amount Ludwig® found that clamping the renal vessels 
for a period of minutes frequently interfered with the secretion of urine 
for hours Heidenhain® found that on freeing the vessels aftei a tem- 
porary clamping the secretion of urine did not begin at once Litten' 
obseived after clamping both lenal vessels foi periods up to two hours, 
that the kidney became enlarged and congested If the lenal arteiy 
alone was tied for one-half oi one hour, albumin and easts appealed in 
the mine Pathological^, the tubules were affected as shown by their 

" bubmitted for publication Maicli 20, 1913 

* From the Medical Clinic, of the Peter Bent Biighain Hospital, Boston, and 
the Pharmacological Laboratory of the Johns Hopkins University, Baltimoie 

^ For review of literature concerning partial oi complete obstruction to lenal 
circulation see our previous papei Rowntiee, Fitz and Geraghtj'^ Studies of 
Renal Function in Experimental Chionic Passive Congestion, The Archives Int 
Med, 1913, vi, 121 

1 Robinson Med Chir Tr , 1843, xxvi, 51 

2 Paneth Pflugei’s Arch, 1886, xxxix, 515 

3 Munk Berl klin Wchnschr , 1864, i, 333 

4 De Souza Joui Phv'siol , 1900, xxv i, 139 

5 Ludvig Phvsiologie, 1856 ii 416 

6 Heidenh-iin Heimann’s Handb d Physiol 1883,' v’^, Teil 1 321 

7 Litten Ztschi f klin Med , 1880 p 131 
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inability to stain 'witli indigo carmin. But such changes were temporary. 
If the artery was clamped for two hours, permanent injury occurred, 
evidenced by tubular necrosis with cast production, cellular infiltration, 
resulting in circumscribed scar formation with calcification. 

Chirie and Mayer® after temporary clamping of both renal veins in 
dogs, noted, in four out of seven cases, death with convulsions CarreP 
was unable to confirm this observation 

Eisendrath and Strauss^® have studied the pathological changes in 
the kidneys of rabbits after compressing the renal vessels for from fifteen 
to ninety minutes. According to their results, temporary compression — 
half an hour or less — caused slight damage If longer, marked per- 
manent lesions occur! ed in the parenchyma, as evidenced by interstitial 
cellular infiltration, coagulation necrosis of tubular epithelium, and later 
by the deposition of calcium in and about the destroyed epithelium. 

Thus it has been shown that clamping of the renal vessels for periods 
up to an hour may produce temporary anuria, albuminuria and cylin- 
druria If interference with the renal circulation is maintained suffi- 
ciently long, permanent interstitial increase in tissue occurs in the kidney. 
Except for the amount of urine excreted and the presence in it of albumin 
or casts, no sji^stematic study of renal function under such conditions 
has been made. 

AUTHOES’ EXPEEIMENTS 

In our experiments rabbits and dogs were etherized and the abdomen 
opened aseptically in the median line. The left kidney was exposed, and 
by careful blunt dissection the vessels were freed from the surrounding 
tissues. The artery and vein were raised on an artery forceps with as 
little stretching as possible and a small rubber protected bull-dog clamp 
placed around them. In each experiment it was noted that on the distal 
side of the forceps the artery did not pulsate, while the vein at once 
became distended, on the proximal side the vein was collapsed and the 
artery pulsated normally. Ho attempt was made to prevent the capsular 
circulation. After the left renal vessels were clamped, the right renal 
vessels were ligated. The right kidney was removed and weighed. In a 
few animals, for control, the right kidney was left untouched. 

"WTiile the clamp was in place, the abdomen was closed and covered 
with a warm saline pad and towel. To try to obviate the factor of 
shock, the body heat was maintained The animals were anesthetized as 
lightly as possible. After the desired interval of time had elapsed, the 
clamp was removed, the macroscopic appearance of the kidney noted, and 

8 Uhing and Mayer • Compt rend. Soc. de biol , 1907, i, 698 

9. Carrel* Compt rend d Soc de biol 1909, i, 627. 

10, Eisendrath and Stiauss* Jour Am Med. Assn, 1910, Iv, 2286, see also 
Guthrie The Archives Int Med, 1910, v, 232. 
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the peiitoueum and abdomen sewn up The bladder was then emptied 
and the animals placed in metabolism cages The clamp was applied in 
senes of animals foi ten^ twenly, thiity, foity and sixty mmutes 
Repeated studies of renal function weie made Finally, the ammals 
were killed, submitted to autopsy and the kidneys examined histologically 
after formaldehyd fixation, celloidm imbedding and hematoxylin and 
eosm staining 

TECHNIC OF TESTS OF EENAL FUNCTION 

* 

A shoit description of the vaiious tests used for lenal function, with 
their technic, is given 

The phthalein test was made according to the original technic of Eowntiee 
and Geiaghty^^ One cubic centimeter of a phenolsulphonephthalein solution con- 
taining accurately 6 milligrams was injected aseptically into the leg muscles of 
the rabbits or lumbar muscles of the dogs, which were then placed in metabolism 
cages The bladders were expiessed or catheterized at the end of an hour and 
ten minutes, and the total urine for this time collected The urine uas made 
distinctly alkaline, diluted to 1 liter, and the amount of drug determined bv 
the use of Rowntree and Geraghty’s“ modification of the Autenneth-Konigs 
berger colorimeter In control animals it has been detei mined that the noimal 
output in this time is 60 per cent or more 

The lactose, potassium lodid, salt and water tests which ha^e lecened a 
thorough study at the hands of Schlayer'® and his co woikeis and vhich we have 
used in relation to the renal function in experimental and clinical nephritides, 
were applied to this study 

From oi>r previous work we feel that the mechanism of the excretion of 
lactose differs essentially from that of phthalein, salt and lodid Throughout 
this investigation we have used it as an index of the condition of the vasculai 
function” of the kidney, admitting that we need much more information concein 
mg the manner and significance of its excretion 

The technic for the lactose test m rabbits has been identical with Schlayer’s 
One gram of lactose dissolved in 10 e c of distilled water was injected into the 
ear vein The animals were placed in metabolism cages, the bladder expressed 
at the end of four hours and every hour thereafter up to eight hours In dogs, 
according to oui previous technic, 2 gm were dissolved in 20 c c of n ater, and 
injected into the lumbar muscles 

Since the time necessary for total elimination has been consideied by Sclilayei 
of greater importance than the absolute amount recovered, and since our pre- 
Mous observations with lactose excretion agree with this, we have observed 
this exclusiv ely The presence of lactose in the urine was determined by 
Nylander’s test, using similar amounts of urine, reagent and length of boiling 
time 

In rabbits under these conditions, the time necessary for the complete elimin- 
ation of lactose is normally six hours or less and in dogs from four to six horns 

11 Eowntree and Geraghty Joui Phai and Exper Therap , 1910 i 579 

12 Eowntree and Geraghty The Archives Ixt Med, 1912, ix 284 

13 Schlayer Deutsch Arch f klin Med, 1911, cii, 311 Schlayei and 
Takavasu Deutsch Arch f klin Med, 1891 xcviii, 17, 1910, ci, 333 

14 For a review of the literature on this test and the others described below, 
‘^ce our previous paper We have shown in a previous publication, honever that 
lactose IS not excreted solely by the glomeruli 
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According to the studies of Sclilayei, potassium lodid is excreted by 
the tubules of the kidney, and on it he has placed most dependence in 
determining tubular functional capacity. In these studies 1 c c of a 
2 5 per cent solution has been admmistered intravenously to rabbits 
For this the normal elimination time is twenty-four hours In dogs, 
0 0 gm has been administered by mouth, which normally is excreted 
■within sixty houis The piesence of the drug in the urine has been 
determined by SandoVs^® test 

The excretion of salt following its administration in amounts greatly 
111 excess of that ordinarily taken with the food is accomplished by the 
tubules, according to Schlayer. Normally, a large amount of salt is 
excieted by one of two methods If it is given without extra water^ it 
IS almost entirely excieted within twenty-four hours without diuresis by 
increased salt concentiation in the uime, if given with an excess of water, 
it IS excieted paitiallj’’ thiough increased concentration in the urine and 
partially through diuresis 

Where vascular injury to the kidney exists, the simple administration 
of salt may be followed by a maiked diuresis, all of the salt being 
excreted in twenty-four hours without its percentage content in the urine 
bemg at all increased This is usuallv associated with a somewhat low 
and fixed specific giavity and the syndrome is spoken of as '^vascular 
hypothenuria ” Here the mability to concentrate is not due to any 
incapacity of the tubules to excrete salt, but to hypersensitive vessels 
which respond to the salt administration with a diuresis In more severe 
vascular injury the vessels do not act in the same way, oliguria charac- 
terizing the urinary picture In severe tubular destruction, a urine of 
fixed low specific gravity is obtained, the quantity of which is not 
materially affected by the administration of extra amounts of salt, and 
the salt content of which is not augmented by administration of extra 
amounts of salt because of the inability of the tubules to exciete it Such 
a condition is known as “tubular hyposthenuria ” 

In these studies gm 1 50 were given by stomach-tube to the rabbits, 
and gm 3 to dogs The mine for the following twenty-four hours was 
collected, and the salt concentration and absolute excretion estimated 
by the Lutke-Martius’® method 

Finally, in order to make conditions as constant as possible, the 
labbits were given 100 c c of water daily by stomach- tube In addition, 

15 Sandow’s method consists in adding 1 cc of 2 pei cent sodium nitiite 
solution and 1 c c of 10 pei cent HoSO^ to from 10 to 30 c c of urine, followed 
by the addition of a small amount of chloroform This is shaken togethei and 
allowed to sepaiate into layers, the presence of the lodid being indicated by a 
purplish led or violet coloi in the chloioform 

16 Sahli Lehibuch dei klinischcn untersuchungs, Methoden, Tianz Deuticke, 
Leipzig and Wien, 1899, p 421 
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they were allowed to eat green vegetables ad hbituni. This produced a 
constant polynna Hence the amounts of urine were not followed from 
day to day The dogs were allowed 300 c c of water daily, and were fed 
on meat when able to retain liguid oi solid food The lactose, phthalein 
and lodid tests were given synchronously since their excretion, and quan- 
titative determination do not interfere with each other In dogs, lactose 
and phthalein were given at the same time, but into the muscles of 
opposite sides 

Single catheter or expressed specimens of urine were taken from day 
to day Albumin was tested by the nitric acid method The sediment 
of centrifuged urine was examined microscopically for blood oi easts 
As previously, in these studies we have considered the excretion of 
lactose as an mdex of vascular functional capacity , that of phthalem as 
an index of total renal function (though piedominantly tubular), and 
the excretion of salt and lodid as an index of tubular functional capacity 
The results of these studies are shown m the accompan 3 n.ng protocols 

PROTOCOLS 01? EXPERIMENTS 

I Animals mtli one kidney removed, renal circulation clamped for 10 minutes 
Rabbit 1 — Body weight 1,650 gm Weight of removed kidney 4 9 gm 
Weight of remaining kidney at death 6 5 gm 

Sulphonephthalein excretion second day after operation 37 per cent 
Sulphonephthalein excretion third day after operation 62 per cent 
Sulphonephthalein excretion fifth day after operation 63 per cent 
Sulphonephthalein excretion seventh day after operation 68 per cent 
Lactose excretion first day after operation 6-7 hours 
Lactose excretion fourth day after operation 6-7 hours 
lodid excretion first day after operation 36 hours 
lodid excretion fifth day after operation 36 hours -j- 
Salt excretion third day after operation 1 00 per cent ( 1 20 gm ) 

Salt excretion sixth day after operation 1 30 per cent ( 1 00 gm ) 

Albumin present for four days Rare hyaline casts found until the seventh 
day Animal killed on the eighth day 

Rabbit 2 — ^Weight 1,250 gm Weight of removed kidney 4 6 gm Weight 
of remaining kidney at death 4 5 gm 

Sulphonephthalein excretion second day after operation 65 per cent 
Sulphonephthalein excretion fourth day after operation 66 per cent 
Sulphonephthalein excretion fifth day after operation 62 per cent 
Sulphonephthalein excretion seventh day after operation 65 per cent 

Lactose excretion first day after operation 6 hours 

Lactose excretion fourth day after operation 7% hours 

Lactose excretion seventh day after operation 5 hours 

lodid excretion first day after operation 30 hours 
lodid excretion fourth day after operation 24 hours 
lodid excretion seventh day after operation 36 hours 


17 In addition seven rabbits were used, one with circulation clamped for 
ten minutes, three for thirty minutes, and two for forty minutes All died 
within sixteen hours of operation Eealiying the individual variation in suscepti- 
bility and vitality of rabbits, it seemed fair to exclude these animals from their 
appropriate tables, especially as all had been deeply anesthetized, all hut one 
had made poor ether recoveries, and one rabbit at operation had suffered from 
a severe hemorrhage due to trauma of the liver 
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Balt excretion third day after operation 1 26 per cent ( 1 00 gm ) 

Salt excretion sixth day after operation 1 3 per cent ( 1 3 gm ) 

Albumin present for six days Sediment negative thioughout the experiment 
Animal found dead on the eighth day. Ko cause found 

Eabbit 3 — ^Weight 2,250 gm Weight of removed kidney 6 gm (approx ) 
Weight of remaining kidney at death 8 gm 

Sulphonephthalein excretion first day after operation 9 per cent 

Sulphonephthalein excretion secflnd day after operation 24 per cent 

Sulphonephthalein excretion third day after opeiation 35 per cent 

Sulphonephthalein excretion sixth day after operation 62 per cent 

Sulphonephthalein excretion eighth day after operation, 80 per cent 

Lactose excretion first day after operation 8 hours -}- 

Lactose excretion sixth day after operation 6 hours 

Lactose excretion thirteenth day after operation 6 hours 

lodid excretion tirst day after operation 30 houis 

lodid excretion sixth day after operation 34 hours 

Salt excretion third day after operation 72 per cent. (1 35 gm ) 

Salt excretion eighth day after operation 56 per cent ( 1 40 gm ) 

Albumin present for three days Sediment showed rare hyaline casts on the 
thirteenth day Hematuria for thiee days The animal was killed on the four- 
teenth day 

II Animals with one kidney removed Eenal circulation clamped for twenty 
minutes 

Eabbit 1 — ^Weight 1,800 gm Weight of removed kidney 6 6 gm Weight 
of remaining kidney at death 6 6 gm 

Sulphonephthalein excretion first day after operation 32 per cent 

Sulphonephthalein excretion third day after operation 43 per cent 

Sulphonephthalein excretion fifth day after operation 42 per cent 

Sulphonephthalein excretion thirteenth day after operation 48 per cent 

Sulphonephthalein excretion twentieth day after operation 37 per cent 

Lactose excretion first day after operation 7% hours 

Lactose excretion fifth day after operation 6 hours 

Lactose excretion fourteenth day after operation 6 hours 

Lactose excretion twentieth day after operation 7 hours + 

lodid excretion first day after opeiation 24 hours 

lodid excretion fourteenth day after operation 24 hours 

lodid excretion twentieth day after operation 24 hours 

Balt excretion third day after operation 1 00 per cent. ( 1 1 gm ) 

Salt excretion seventh day after operation 8 per cent ( 2 00 gm ) 

Salt excretion sixteenth day after operation 7 per cent ( 1 6 gm ) 

Albumin present for seven days Few hyaline casts found until the seventh 
day Hematuria for five days Animal foimd dead on the twenty-seventh day 
Histologically the kidney not remarkable 

Eabbit 2 — ^Weight 1,720 gm Weight of removed kidney 6 4 gm Weight 
of remaining kidney at death 6 6 gm 

Sulphonephthalein excretion first day after operation 27 per cent 

Sulphonephthalein excretion fifth day after operation 32 per cent 

Sulphonephthalien excretion sixth day after operation 60 per cent 

Sulphonephthalien excretion fourteenth day after operation 58 per cent 

Sulphonephthalien excretion twentieth day after operation 58 per cent 

Sulphonephthalein excretion twenty-eighth day after operation 64 per cent 

Lactose excretion first day after death 7% hours 

Lactose -excretion fifth day after operation 7 hours 

Lactose excietion fourteenth day after operation 5 hours 

Lactose excretion twenty-eighth day after operation 6 hours 

lodid excretion first day after operation 24 hours 

lodid excretion fifth day aftei operation 30 hours 

lodid excretion fourteenth day after operation 24 hours. 

lodid excretion twenty-eighth day after operation 24 hours 

Salt excretion third day after operation 6 per cent ( 1 1 gm ) 

Salt excretion seventh day after operation 1 2 per cent ( 1 8 gm ) 
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Salt excietion sixteenth day aftei opeiation 53 per cent (1 3 gm ) 

Salt excretion twenty-eighth day after operation 4G per cent (2 00 gm ) 
Albumin present for three days Hematuria for foui days h<o casts found 
after the fifth day Animal killed the twenty eighth day 

Rabbit 3 — Weight 2,020 gm Weight of lemoved kidney G 5 gm Weight of 
lemainmg kidney at death 7 00 gm 

Sulphonephthalein excietion first day after operation 55 per cent 

Sulphonephthalein excretion thud day after operation 35 per cent 

Sulphonephthalein excretion fifth day after operation 65 per cent 

Sulphonephthalein excretion fifteenth day aftei operation 64 per (cnl 

Sulphonephthalein excretion twenty eighth day aftei operation /O pei cent 

Lactose excretion hist day after operation 7% liours 

Lactose excretion fifth day aftei operation 4 hours 

Lactose excretion fifteenth day after operation 4 hours 

Lactose excietion twenty-third day aftei operation 6 houis 

lodid excretion first day after operation 24 hours 

lodid excietion fifth day after operation 24 hours 

lodid excietion twenty-third day after operation 24 hours 

Sait excretion third day after operation 1 00 per cent (1 1 gm ) 

Salt excretion twelfth day after opeiation 8 per cent (2 4 gm ) 

Albumin present for thiee days Hematuiia for one day No casts found after 
the sixth day Animal killed the tu enty-eighth day 

Dog 1 — ^Weight 5 kilos Weight of the removed kidney 20 gm 
Sulphonephthalein excretion first day after opeiation 40 per cent 
Sulphonephthalein excretion second day after operation GO per cent 
Sulphonephthalein excretion fifth day after operation 50 per cent 
Sulphonephthalein excretion ninth day after operation 68 per cent 
Sulphonephthalein excretion twelfth day after operation 60 per cent 
Lactose excretion first day aftei operation 8 hours -l- 
Lactose excretion fifth day after operation 8 liours 
Lactose excretion ninth day after operation 5 hours 
lodid excretion second day after operation 48 hours 
lodid excretion twelfth day after operation 48 houis 
Salt excretion second day after operation 85 per cent ( 3 Otf gm ) 

Albumin present for one day No casts found aftei the second dav The 
animal was allowed to live, since he had made an apparently noimal lecoveij 
111 — Animals with one kidney lemoved, renal circulation clamped for thirty 
minutes 

Rabbit 1 — ^Weight 1,700 gm Weight of lemoved kidney 5 gin (Appiox) 
Weight of remaining kidney after death 6 5 gm 

Sulphonephthalein excretion first day aftei operation 46 per cent 

Sulphonephthalein excretion second day after operation 40 per cent 

Sulphonephthalein excretion fourth day after operation 60 per cent 

Sulphonephthalein excretion thirteenth day after operation 67 per cent 

Sulphonephthalein excretion twenty-eighth day after operation 72 pei cent 

Sulphonephthalein excretion thirty-first day after operation 60 per cent 

Lactose excretion first day aftei operation 6% hours 

Lactose excretion fourth day after operation 5 hours 

Lactose excretion thirteenth day after operation 5 hours 

Lactose excretion twenty-eighth day after operation 5 hours 

lodrd excretion first day after operation 36 hours 

lodid excretion fourth day after operation 30 hours 

lodid excretion thirteenth day after operation 24 hours 

Salt excretion third day after operation 1 3 pei cent ( 1 7 gm ) 

Salt excretion sixth day after operation 8 per cent (14 gm ) 

Salt excretion thirty-first day after operation 9 per cent ( 1 4 gm ) 
Albuminuria for four days No casts found after the thirteenth day Animal 
killed on the thirty-first day 

Rabbit 2 Weight 2,400 gm Weight of removed kidney 7 6 gm Weight 
of remaining kidney after death 11 5 gm 



B FITZ—L G BOWNTREE 


31 


Sulplioneplithalein excietion fiist day aftei opeiation 36 pei cent 
Sulplionephtlialein excietion second day aftei operation 40 per cent 
Siilphoneplitlialein excietion fouith day after operation 70 pei cent 
Sulphoneplitlialem excretion fifteenth day aftei operation 62 per cent 
Lactose excietion first day aftei opeiation 7 hours -|- 
Lactose excietion fourth day after operation 5 hours 
Lactose excretion fifteenth day after operation 5 hours 
lodid excretion fifteenth day after operation 24 hours 
Salt excretion first day after operation 7 per cent (1 6 gm ) 

Salt excretion fifteenth day after operation 6 per cent 2 4 gm ) 

Albumin present for one day Hematuria for two days No casts found after 
the fourth day Animal killed the fifteenth day 

Eabbit 3 — ^Weight 2,600 gm Weight of removed kidney 9 6 gm Weight of 
remaining kidney after death 8 gm 

Sulphoneplitlialem excretion second day after operation 55 per cent 

Sulplioneplithalein excretion fouith day after operation 70 per cent 

Sulplioneplithalein excretion fifteenth day after operation 80 per cent 

Sulplioneplithalein excretion twentieth day after operation 74 -pei cent 

Lactose excretion first day after operation 7 hours 

Lactose excretion fouith day after operation 5 hours 

Lactose excretion fourteenth day after operation 7 hours 

Lactose excretion twentieth day after operation 5 hours 

lodid excretion first day after operation 24 hours 

lodid excretion fourth day after operation 24 hours 

lodid excretion fifteenth day after operation 24 hours 

Salt excretion third day after operation 1 1 per cent ( 2 5 gm ) 

Salt excretion fourteenth day after operation 52 per cent ( 2 1 gm ) 

Salt excretion twentieth day after operation 65 per cent (19 gm ) 

Albumin present for one day Hematuria foi one day No casts seen aftei 
the third day Animal killed the thirtieth day 

Dog 1 — ^\!\^eight 7 kilos Weight of removed kidney 24 gm 
Sulphonephthalein excretion second day after operation 36 per cent 
Sulphonephthalein excretion third day after operation 52 per cent 
Sulphonephthalein excretion fifth day after operation 55 per cent 
Lactose excretion thud day after operation 8 hours 
lodid excretion second day after operation 48 hours 
Salt excretion third day after operation 1 per cent (1 6 gm ) 

Albumin for two days Casts found on the fifth day Animal made an 
uneventful recovery and allowed to live 

IV — Animal with one kidney removed, lenal circulation clamped for forty 
minutes 

Rabbit 1 — ^Weight 2,070 gm Weight of removed kidney 5 7 gm Weight of 
remaining kidney after death 7 2 gm 

Sulphonephthalein excretion first day after operation 24 per cent 
Sulphonephthalein excretion second day after operation 46 per cent 
Sulphonephthalein excietion third day after operation 50 per cent 
Sulphonephthalein excretion fourth day after operation 62 per cent 
Sulphonephthalein excretion eighth day after operation 70 per cent 
Lactose excretion second day after operation 6 hours 
Lactose excretion eighth day after operation 6 hours 
Lactose excretion twelfth day after operation 5 hours 
lodid excretion first day after operation 48 hours 
Salt excretion fourth day after operation 1 per cent ( 1 5 gm ) 

Salt excretion tenth day after operation 7 pei cent ( 1 2 gm ) 

Albuminuiia for eight days Hematuria for one day No casts found after 
the fourth day Animal killed on the twelfth day on account of general infection 
Rabbit 2 — ^Weight 1,600 gm Weight of removed kidney 4 6 gm Weight of 
remaining kidney after death 6 5 gm 

Sulphonephthalein excretion first day after operation 46 per cent 
Sulphonephthalein excretion second day after operation 47 per cent 
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Sulphonephthalein excretion third day after opeiation 56 pei cent 
Lactose excretion first day after opeiation 8 hours +. 

Lactose excretion third day after operation 7 hours + 

lodid excretion first day after operation 30 hours 

lodid excretion third day after operation 24 houis 

Salt excretion third day after operation 1 per cent { 1 2 gm ) 

Albumin and casts present until death Animal killed on the fourth day on 
account of general infection 

Rabbit 3 —Weight 2,200 gm Weight of removed kidney G 00 gm Weight 

of remaining kidney after deatli 9 00 gm 

Sulphonephthalein excretion first day after operation 45 per cent 

Sulphonephthalein excretion second day after operation 54 per cent 

Sulphonephthalein excietion fourth day after operation GO per cent 

Sulphonephthalein excretion fifth day after operation 70 per cent 

Lactose excretion first day after operation 8 hours 

Lactose excretion third day after operation 5 hours 

Lactose excretion fifth day after operation 4 hours 

lodid excretion first day aftei operation 30 hours 

lodid excretion third day after operation 24 hours 

Salt excretion second day after operation 9 per cent ( 1 00 gm ) 

Salt excretion fifth day after operation 9 per cent ( 2 5 gm ) 

Albumin present for three days Hematuria for one day No casts seen after 
the fourth day Animal killed on the sixth day 

Rabbit 4 —Weight 1,770 gm Weight of removed kidney 5 00 gm Weight 
of remaining kidney after death 7 00 gm 

Sulphonephthalein excretion first day after operation 15 per cent 

Sulphonephthalein excretion second day after operation 14 per cent 

Sulphonephthalein excretion third day after operation 8 per cent 

Lactose excretion first day after operation 8 hours -1- 

Lactose excretion third day after operation 6 hours 

lodid excretion first day after operation 30 per cent 

Salt excretion second day after operation 1 00 per cent ( 7 gm ) 

No albumin found after the second day Hematuria for one day Casts seen 
on the third day Animal found dead on the fourth day with acute peritonitis 
Rabbit 5 — Weight 2,320 gm Weight of removed kidney 7 gm Weight of 
remaining kidney after death 10 gm 

Sulphonephthalein excretion first day after operation 47 pei cent 
Sulphonephthalein excretion fourth day after operation 62 per cent 
Sulphonephthalein excretion twelfth day after operation G7 per cent 
Sulphonephthalein excretion fourteenth day after operation 70 per cent 
Lactose excretion second day after operation 6 houis 
Lactose excretion fourth day after operation 6 hours 
Lactose excretion thirteenth day after operation 5 hours 
lodid excretion second day after operation 24 hours 
Salt excretion second day after operation 7 per cent ( 1 3 gm ) 

Salt excretion thirteenth day after opeiation 9 per cent (2 5 gm ) 
Albuminuria for two days Casts present for four days Animal killed on 
the fifteenth day 

Dog 1 — ^Weight 6 kilos Weight of removed kidney 33 gm Weight of 
remaining kidney after death 50 gm 

Sulphonephthalein excretion first day after operation tiaces 
Sulphonephthalein excretion second day after operation traces 
Sulphonephthalein excretion third day after operation traces 
Lactose excretion first day after operation 8 hours + 

Lactose excretion second day after operation 8 hours 

Salt and lodid not given Albumin, blood and casts present until death 
Animal killed on the fourth day on account of extreme toxemia 
Dog 2 — ^Weight 10 kilos Weight of removed kidney 30 gm 
Sulphonephthalein excretion first day after operation 20 per cent 
Sulphonephthalein excretion third day after operation 30 per cent 
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Sulphonephthalein excretion fourtli day after operation 64 per cent 
Sulphonephthalein excretion seventh day after operation 68 per cent 
Lactose excretion first day after operation 8 hours + 

Lactose excretion fourth day after operation 8 hours + 

Lactose excretion seventh day after operation 6 hours 

lodid excretion second day after operation 48 hours 

Salt excretion second day after operation 4 per cent ( 80 gm ) 

Albumin present for four days No casts seen after the fourth day Ani mal 
made an uneventful recovery and allowed to live 

V — ^Animals with one kidney removed, renal circulation clamped for one 
hour 

Rabbit 1 — ^Weight 1,750 gm Weight of removed kidney 7 gm Weight of 
remaining kidney after death 7 5 gm 

Sulphonephthalein excretion first day after operation 32 per cent 
Sulphonephthalem excretion third day after operation 35 per cent 
Lactose excretion second day after operation 8 hours -j- 
lodid excretion second day after operation 2 hours + 

Salt excretion second day after operation 6 per cent { 5 gm ) 

Albumin and casts found on the third day. Hematuria for one day Animal 
found dead on the fourth day Autopsy showed acute peritonitis 

Rabbit 2 — ^Weight 2,000 gm Weight of removed kidney 5 2 gm Weight of 
remaining kidney after death 6 5 gm 

Sulphonephthalein excretion first day after operation 7 per cent 
Lactose excretion second day after operation 8 hours + 

Salt excretion second day after operation 7 per cent ( 8 gm ) 

Albumin, casts and blood in the urine on the third day Animal found dead 
Rabbit 3 — ^Weight 1,800 gm Weight of removed kidney 6 00 gm Weight 
of remaining kidney after death 9 00 gm Animal died anuric in seventy-two 
hours 

Rabbit 4 — Weight 1,700 gm Weight of removed kidney 7 gm Weight of 
remaining kidney after death 9 5 gm 

Sulphonephthalein excretion first day after operation 9 per cent 
Sulphonephthalein excretion second day after operation 12 per cent 
Sulphonephthalein excretion third day after operation 20 per cent 
Sulphonephthalein excretion sixth day after operation 8 per cent 
Lactose excretion first day after operation 8 hours -+• 

Lactose excretion third day after operation 8 hours -{- 

lodid excretion first day after operation 48 hours 

Salt excretion third day after operation 8 per cent (2 1 gm ) 

Albumin and casts present until death Animal found dead a few days after 
last note Phthalein excreted in traces, lactose markedly delayed 

Rabbit 5 — ^Weight 1,400 gm Weight of removed kidney 4 gm Weight of 
remaining kidney after death 9 5 gm 

Sulphonephthalein excretion first day after operation traces 
Sulphonephthalein excretion second day after operation traces 
Sulphonephthalein excretion third day after opeiation traces 
Lactose excretion first day after operation none recovered 
Albumin, blood and casts present until death on the fourth day During the 
last twenty-four hours passed 10 c c of urine 

VI — Animals in which the renal circulation has been clamped in one kidney 
for an hour, the other kidney being left untouched 

Rabbit 1 — ^Weight 1,650 gm Weight of undamped kidney at death 5 00 gm 
Weight of clamped kidney at death 5 00 gm 

Sulphonephthalein excretion first day after operation 30 per cent 
Sulphonephthalein excretion second day after operation 52 per cent 
Sulphonephthalein excretion sixth day after operation 56 per cent 
Sulphonephthalein excretion eighth day after operation 75 per cent 
Sulphonephthalem excietion eighteenth day aftei operation 60 per cent 
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Sulphoneplithalem evcretion twenty-second day aftei opeiation 70 per cent 

Sulphoneplithalem excretion twenty-fifth day aftei operation 70 per cent 

Lactose excietion first day after operation 7 hours 

Lactose excretion fourth day after operation 6 houis 

Lactose excretion eighth day after operation 6 hours 

Lactose excretion fifteenth day after operation C houis 

Lactose excretion twenty-fifth daj'’ after opeiation 5 liouis 

lodid excretion first day after opeiation 24 hours 

lodid excretion eighth day after opeiation 24 liouis 

lodid excretion twenty-second day aftei opeiation 24 liouis 

Salt excretion sixth day aftei operation 6 pei cent (1 1 gm ) 

Salt excretion twenty-fifth day aftei operation 70 per cent (12 gm ) 
Albumin present for two days No casts found after the sixth day Animal 
killed on the twenty-sixth day 

Rabbit 2 — ^Weight 2,200 gm Weight of unclamped kidney at death 7 5 gm 
(approx ) Weight of clamped kidney at death 7 5 gm 

Sulphoneplithalem excietion first day after operation 59 per cent 

Sulphonephthalein excretion fifth day after operation 74 pei cent 

Sulphonephthalem excretion seventeenth day after operation 78 pei cent 

Lactose excretion third day after operation G houis 

Lactose excretion tenth day after operation 7 hours -[- 

Lactose excretion eighteenth day after operation 0 houis 

lodid excretion third day aftei operation 24 hours 

lodid excretion eighteenth day after operation 24 houis 

Salt excretion eighteenth day after operation 3 pei cent ( 1 20 gm ) 

Albumin present for one day No casts seen after the fifth daj Animal 
killed on the nineteenth day 
Rabbit 3 — ^Weight 1,700 gm 

Sulphonephthalein excretion fiist day after operation 60 per cent 
Sulphonephthalein excietion third day after operation 68 per cent 
Sulphonephthalein excretion seventh day aftei opeiation 70 per cent 
Lactose excretion thud day after operation C hours 
Lactose excretion seventh day after operation 5 houis 
lodid excretion first day after operation 24 hours 
lodid excretion sei'enth day aftei operation 24 houis 
Salt excietion fifth day aftei operation 7 pei cent (1 4 gm ) 

Albumin present for one day Casts found on the seventh da}' Animal found 
dead on the twelfth day No cause found 

VII — Animals in which one kidney has been removed, the ciiculation of the 
other being left untouched 

Rabbit 1 — Weight 1,900 gm Weight of removed kidney 7 gm Weight of 
lemaining kidney after death 7 5 gm 

Sulphonephthalein excretion first day after operation 50 per cent 

Sulphonephthalein excretion second day after operation 65 per cent ^ 

Sulphonephthalein excretion fifth day after operation 60 per cent 

Sulphonephthalein excretion ninth day after operation 70 per cent 

Lactose excietion first day after operation 5 hours 

Lactose excretion ninth day after operation 5 hours 

Lactose excretion sixteenth day after operation 6 houis 

lodid excretion first day after operation 24 hours 

lodid excretion sixteenth day after operation 24 hours 

Salt excretion thud day after operation 5 per cent (2 00 gm ) 

Traces of albumin found for one day Blood and casts found foi one day 
Animal killed on the twentieth day 

Rabbit 2 — ^Weight 2,200 gm Weight of removed kidney 6 gin Weight of 
1 emaining kidney aftei death 8 5 gm 

Sulphonephthalein excretion first day after operation 69 per cent 
Sulphonephthalein excretion second day after operation 70 per cent 
Sulphonephthalein excretion twelfth day after operation 75 per cent 
Sulphonephthalein excretion thirteenth daj aftei operation 80 pei cent 
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Lactose excretion first day aftei opeiation 5 liouis 
Lactose excretion tliirteentli day after operation 5 iioiiis 
lodid excretion first day aftei operation 24 liours 
lodid excretion thirteenth day after operation 24 hours 
Salt excretion third day aftei operation 3 per cent ( 7 gm ) 

Salt excietion thiiteenih 'day aftei operation 26 per cent (1 1 gm ) 

Albumin piesent foi one day No casts seen Animal killed on the fouiteenth 
day 

Rabbit 3 — Weight 1,850 gm Weight of removed kidney 7 gm Weight of 
lemaining kidney after death 7 gm 

SulphOnephthalein excretion first day aftei operation 26 pei cent 

Sulphonephthalein excretion second day after operation 30 pei cent 

SulphOnephthalein excietion fifth day after operation 55 per cent 

Sulphonephthalein excietion twentieth day after operation 70 per cent 

Lactose excretion first day after operation 5 hours 

Lactose excretion nineteenth day after operation 5 houis 

lodid excretion first day after operation 24 hours 

lodid excretion nineteenth day after operation 24 hours 

Salt excretion third day after opeiation 6 per cent 

Salt excietion nineteenth day aftei operation 1 1 per cent (1 5 gm ) 

Albumin present foi one day Hematuria for one day Animal killed on the 
tventy-fiist day 

Clamping of the lenal ciicnlation up to forty minutes, in the majority 
of cases, produced a definite disturbance in renal function Its intensity 
bore no relation to the length of time the vessels weie clamped, nor was 
the vascular or tubular function chiefly affected (Protocols I to IV) 
This was shoivn by the piesence of albumin and easts in the urine, by a 
diminished phthalein output of varying degree, and by a delayed lactose 
and lodid excretion Salt was constantly well excreted The animals 
recovering, regained nearly normal function within six days, showing 
that the disturbance was slight and temporary One animal failed to 
return to a normal phthalein output No explanation was found for this 
at autopsy Two animals with circulation clamped for forty minutes 
died quickly with marked signs of renal insufficiency 

All the animals, however, with one kidney removed and the ciicula- 
tion of the remaining kidney clamped for an hour (Protocol V) died 
within eight days There was evidence clinically as well as by these tests 
of extreme disturbance of function An interesting pi oof of how impor- 
tant a pait in renal surgery the unoperated kidney plays is seen in 
Protocol VI In this series, though the circulation was clamped for an 
hour, with a normal kidney remaining, the function was but slightly and 
tempoiarily disturbed 

That the effect of nephrectomy alone did not pioduce the lesults 
obtained is seen from Protocol VII In two animals the functional tests 
were unaffected In the thud the phthalein output was slightly reduced 
for three days The other tests were normal 

Pathologically, similai changes were noted to those described by 
previous authors The earliest changes, grossly, were marked congestion 
with scattered minute hemorrhages As the length of time following 
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e operation increased, the kidneys hypertrophied, hut otherwise 
ipeared normal 

Microscopically first were seen hemorrhage, edema, destruction of 
11s, as evidenced by poor staining, the presence of hyaline-like casts in 
le tubules, and foci of leukocytes, endothelial phagocytes and mono- 
uclear cells between the tubules and aiound the glomeruli. In time the 
idney regained nearly normal appearance In a few kidneys there were 
reas of increased interstitial tissue, and rarely thickening of a few 
iomerular capsules It was not possible to find any definite relationship 
etween the anatomical changes and the disturbance of function, except 
lat in those kidneys clamped for an hour there was more edema and 
ecrosis than in the others In none of the kidneys examined was there 
vidence of any progressive lesion The changes were all acute or healed 

Prom these experiments on animals it seems clear that renal circula- 
lon may be clamped for at least foity minutes without danger of marked 
)ermanent damage to the kidney either histologically or functionallv 
low fai these results are applicable to human surgery is an open ques- 
lon. Prom the fact that these experiments were made under the most 
lisadvantageous conditions possible, that is, with only one functionating 
adney, it would seem fair to assume that in man with one kidney 
lormal, the circulation of the other kidney could be clamped for a con- 
iderablo length of time without harm 

OONOLTJSIONS 

1 In rabbits and dogs with one kidney removed, the circulation of 
the other kidney may be clamped for as long a time as forty minutes 
with recovery If the renal circulation is clamped for a longer time, the 
animals die with signs of renal insufiSciency 

2 In animals with the circulation clamped foi not longer than forty 
minutes, temporary disturbance in renal function is produced as shown 
by the presence of albumin and casts in the^ urine, by a diminished 
phthalem output and by a delayed lactose and lodid excretion hTormal 
function IS regained within six days 

3 Acute or healed pathological changes are found in kidneys so 
treated The acute changes consist of edema, hemorrhage, necrosis and 
cellular infiltration The healed changes consist in foci of connective 
tissue No progressive lesion is found 

4 Except m the most extreme cases, there is no definite relation 
demonstrable by the functional tests used between the pathological and 
functional disturbances produced 

5 In rabbits with one normal kidney, the circulation of the other 
kidney may be clamped for at least an hour without permanent injury 
to the animaFs general condition or renal function 



OBSBEVATIONS OIST THE PATHOLOGICAL CHANGES IN 
THE THYEOID GLAND IN A CEETINISTIC 
VARIETY OE CHONDEODYS- 
TEOPHIA EOETALIS 5- 

DOUGLAS SYmiERS, MD and G H WALLACE, MD 

NEW YOKK 

That the lesion yarionsly known as chondrodystiophia foetalis, 
achondioplasia, fetal rickets and the like, is of great antiquity is attested 
by the numerous instances in which the disease finds representation 
among pottery and statuary of the ancients (Pariot,^ Pierre Marie,^ 
Porak and Durante,® Eegnault,^ Charcot and Richie,®' Eischbieth® and 
others) The models of the Egyptian gods, Ptah and Bes, to be found 
in the Louvre, the existing statuette in caricature of the Roman Emperor 
Caracalla, the figures of the gladiator dwarfs in the service of the 
Empeior Domitian, as well as the subjects of certain paintings, notably 
by Velasquez, among them that of Sebastiano de Moro, a dwarf of the 
Spanish Court, are all recognizable examples of fetal chondrodystrophy 

Historical interest attach,es to the statement that, in the sixteenth 
century, Catherine de Medici revived the ancient custom of according 
gnome-like creatures a position in the social firmament of the Court, 
where they enjoyed unusual latitude of speech and action in the capacity 
of jesters, and emulating the Emperor Heliogabalus, she sought even 
further to gratify her perverted taste by celebrating marriages between 
dwarfs with the purpose of perpetuating a stunted race comparable to 
the ethnic dwarfs of fact and fable A survival of the same perversion 
consists in exploiting the chondrodystrophic dwarf m the circus of to-day 
that his deformed body may be held up to gibe, ridicule or vulgar 
curiosity On the other hand, numbers of characters distinguished by 
action or intellect are known or are reputed to have been the victims of 
fetal chondrodystrophy, among them the author of -^sop^s Pables, 

* From the Department of Pathology of Bellevue and Allied Hospitals 
Director Dr Charles Norris 

^Submitted for publication April 5, 1913 

1 Parrot Bull Soc d’anthropolog de Pans, Series 3, 1878, i, 296 

2 Mane, Pierre Presse m6d 1900, iv, 12 

3 Porak and Durante Nouvelle Incongraphie de la SalpStnfere, 1905, 
Nviii, 481 

4. Begnault Arch g6n de m4d (new senes), 1902, vii, 232 

5 Charcot and Richie Des difformes et les malades dans Past, Pans, 1889, 

p 12 

6 Rischbieth Eugenics Laboratory Memoirs, xv Parts vii and viii. Section 
XAa, p 355, London, 1912 
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Pliiletas of Cos, tutoi of Ptolemy Pliiladelphus and a poet and giani- 
maiian of renown, Licinms Calvns, a iheloncian, Aiilla, King of the 
Hims, ^^^adislans, called “Cubital<’ King of Poland, and noted foi 
intelligence and militaiy sagacity, and others of like account 

Prom an etiological standpoint chondiodystiophia foetalis is scaicel:y 
less obscme than it was in the beginning and of the seveial factors which 
have been in\oked to explain its oiigm none appeals to be woitliy of 
seiious consideiation other than that the condition is always congenital, 
completing its development in the fiist few weeks of intia-uterine exist- 
ence, that it piepondeiates in the female sex (Kassowitz), and that it 
sometimes piesents familial chaiactciistics In the lattei connection 
Kischbietli,® who has contiibiited an admirable paper to the eugenics of 
dwarhsm, states that while a cboudiodystiophic paient usually begets 
normal children, heiedity not uncommonly displays itself in the shape of 
a deformed piogeny Tlie pathogenesis is no less conjectuial foi having 
been lef erred to vaiious t^^pes of intoxication, mcluding infections and 
placental and glandulai iierveisions In the lattei connection Abels" 
quotes a suggestive instance in whicli a chondiod 3 "sti opine infant was 
born of a mothei who, befoic and dining piegnanc}", had accustomed 
herself to enormous quantities of thyroid extract Hofineistei ® on the 
contrar}’-, states that extiipation of the thyioid gland fiom young rabbits 
IS followed by cessation of giowth m the bones and by changes which 
are compaiable to those eneounteied m chondrodystrophia foetalis 
The first leally adequate contribution to the pathology of chondio- 
dystrophia foetalis was made in 1860 b} Mueller,'^ who observed the dis- 
ease in certain foi ms of cattle and identified the changes with those 
previously noted by Viichow^® in the human skeleton Mueller’s ob'^ei- 
vations have since been extended to include certain short-lmibed domestic 
animals, moie paiticularly the dachshund, bull dog, Pekinese spaniel, 
and Aberdeen terrier, but obseivation has shown that the likeness between 
them and the subjects of chondrodj'^strophia foetalis is fancied xalhei 
than real and that these animals merely i^ify combinations of different 
lacial peculiarities brought about by aitificial selection 

It was leserved for Kaufmann,^^ in 1892, to establish a classification 
based on anatomical and histological studies in human beings which 
showed that chondrodystrophia foetalis is leferable to disturbances in 
the piimoidial cartilage cells manifested by derangement of the columnar 


7 Abels KassoMitz’ Festschrift, Beihn, 1912, p 1, quoting Cavazaniii, 

Pediatrica, 1907 inn ,, Poif fi 

8 Hofmeistei Quoted by Kaufmaiin, Spezielle path Anat , 1911 ii Fait 6, 

p i 33 

9 Mueller Wurzb med, Zeit, 1860, i 

10 Virchow Gesammte Abhandlung , 1852 , , , , mo? 

11 Kaufmann Untei suchungen u die sogenannte foetale Rachitis 1892, 

Spezielle path Anat , 1911, ii, Part 6, p 733 
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foimation wliicli normally piecedes ossification Depending on the 
extent of these cellnlar variations in caitilage, Kaufmann difieientiated 
three anatomical types^ all of -which may be found in the same indmdnal, 
although, as a rple, one of them is apt to dommate. In the first type — 
chondrodystrophia f oetalis hypoplastica — proliferation of cartilage cells 
is inhibited, while the second variety — chondrodystrophia f oetalis hyper- 
plastica — IS characterized by cartilaginous oveigrowth In both of these 
forms the mtereellular substance is well pieserved. In a third type — 
chondrodystrophia foetalis malacicca — the cartilage is soft, the inter- 
cellular substance is gelatinous and centers of ossification are rudimentary 
or absent In addition to these cartilage changes endochondral ossifica- 
tion is prematurely suspended, while periosteal osteogenesis continues, so 
that several factors combine to inteifeie with or to modify the growth of 
certain bones and to produce a clinical picture which is at once charac- 
teiistic and scarcely to be mistaken for that of any other known disease 
Individuals of the chondrodystiophic type, the majority of whom are 
still-born or die young, aie deformed in certain bones which are con- 
ceived in caitilage and whose scheme of development is completed before 
the eleventh week of embryonal life,’-^ that is to say, the osseous com- 
plements of the base of the skull and the pelvis, the ribs and the long 
bones of the extremities Consequently the child at birth is greatly 
abbreviated in stature, the head is large, and the extremities, which may 
be Clocked, aie symmetiically shortened and thickened, varying between 
micromelia and phocomelia, and the cartilaginous termini are enlarged 
and nodular The finger-tips, which noimally reach to the level of the 
upper thud of the thigh, lest at the crest of the ilium or shortly below 
it The hands are broad and pudgy and the middle digit is shortened 
The fingers are roughly conical in outline and separate in pairs, com- 
bining with the out-stretched thumb to form the ''mmn en tndenf of 
the French The face is relatively small, the nose depressed at the root 
and the frontal eminences are exaggeiated These features unite with 
the large cranial vault to lend a pyriform outline to the face The trunk 
IS usually well formed and of normal size, although the abdomen fie- 
quently is piotubeiant The skin, which develops out of proportion to 
the growth of the bones, is thrown into folds, especially over the joints 
and coi responding to the normal creases It is often waxy in appearance 
and the subdermal tissues may be edematous or excessively infiltrated by 
fat In those who attain adult life these characteristics are preserved, 
with the exception of certain modifications referable to the skm, but as 
development pioeeds the individual is endowed with muscular strength, 
sexual vigor and a degree of intelligence often noticeably in excess of 
the average In addition to alterations in the bony skeleton, certain 


12 Consult Mall Am Jour Anat 1905 6, v 433 
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numbeis of chondro dystrophic individuals present external signs that are 
suggestive of cietmism, so much so, indeed, that some observers have 
proclaimed that chondiodystrophia foetalis and infantile myxedema are 
manifestations of the same fundamental disorder, or, at all events, that 
the two conditions are closely related. Kaufmann and his adherents 
deny such relationship TTliile admittmg that there is a form of chon- 
drodystrophia foetalis in which the physiognomy is cretinoid in t^qie, 
they afiirm that it is due almost entirely to premature synostosis of the 
os tribasilare and that it is an mtegiul part of the chondrodystrophic 
process, arismg independently of alteiations in the thjwoid gland It is 
furthermore pointed out that chondrodystiophic individuals sometimes 
leach adult life, in which event, in contra-distmction to cretins, they are 
intelligent, sexually capable and possessed of muscular strength 

The relationship of chondrodystrophia foetalis to cretinism was origi- 
nally insisted on by Muellei® and by Eberth,” both of whom pointed out 
that the so-called “bull dog calf^ presents cretinoid appearances Some 
years later Leblanc^^ noted the association of chondrodystrophia foetalis 
and myxedema in calves and attempted to implicate the thyroid gland 
as the causative factor in the production of both the skeletal and myxo- 
matous changes He based this conclusion on a single observation of 
“ariested development^’ m the thyroid' Histological examination was 
not made It remained for Seligmann^® to demonstrate tangible changes 
in the thyroid gland of the ^Tull dog calf” and to establish the coexistence, 
in cattle at least, of chondiodystrophia foetalis and congenital myxedema 
Seligmann examined specimens of Dexter calves born in Kerry In all 
of them the skin was thick and coarse and the subcutaneous tissues were 
myxomatous. The head was large and brachycephalic, the forehead bulg- 
ing and the nose depressed The tongue was large and protruded fiom 
the half-open mouth All the limbs were extremely reduced m length 
and their bones were stunted and provided with thickened, deformed, 
softened cartilages In every mstance the thyroid was irregularly lobu- 
lated and, on microscopic examination, the alveolar architecture was 
scarcely recognizable and the cells were arranged in clumps or branching 
columns. Colloid was practically absent and the gland was abnormally 
well vascularized. 

As to the influence of the thyroid in the production or modification 
of chondrodystrophia foetalis m human beings, we have been able to find 
very little in the literature. Kaufmann, Legry and KegnaulV® and 
others have submitted the thyroid to histological examination with nega- 

13 Eberth Festschrift, Leipzig, 1878 

14 Leblanc Compt rend Soc de biol , 1902, liv, 88 

15 Seligmann Trans Path Soc London, 1904, Iv, 1 

16 Legiy and Pegnault Compt rend Soc de biol , 1902, liv, 567 
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tive results In the same way Mane,- Cestan^” and Clinstopliei^® have 
failed to note beneficial effects fiom the administration of th^ioiodin and 
thyioid extiact Hektoen/® howevei, has recorded an instance of sjmi- 
metiical miciomelic dwaifism in a fairly intelligent man about 45 yeais 
of age, whose bony fiame-work was the seat of a senes of complex changes 
partaking of the natuie of both chondiodystrophia foetalis and osteo- 
genesis impel fecta There weie no demonstiable signs of cietinism 
ISTeveitheless, the thyroid was almost completely tiansfoimed into fibious 
tissue and was piactically fiee fiom lodin The weight of the pituitary 
body, howevei , was considei ably in excess of the normal, in view of which 
Hektoen suggested that the effects of fibious leplacement of the thyioid 
had been compensated by increased secretory activity on the pait of the 
hypophysis 

We liaie lecently had occasion to study the anatomical peciiliaiities 
in fi\e subjects of fetal chondrodystiophy — four times m infants and 
once in an adult — and have observed changes which, we believe, serve 
to establish the fact that a ceitain propoition of cases of chondiodys- 
tiophia foetalis in human beings is intimately associated with cietinism 
Moieovei, in eveiy case we have been able to demonstrate histological 
alteiations in the thyioid gland which suffice to account foi the cietini'stic 
phenomena 

In piepaimg oui cases for publication we have omitted all lefeience 
to the seveial clinical histones, none of which contains information of 
value m the piesent connection, and the autopsy protocols have been 
abbi evicted as much as is consistent with an intelligible pieseiitation 

AUTOPSY PEOTOCOLS OF AUTHORS" CASES 

Case 1 — Autopsy 3415 Post moitem examination by Dis Wallace and 
Sj'nimeis 

The body was that of a female clald, 23 months of age, 70 cm in length The 
statuie Avas maikedly abbieviated, squatty in type and the body piesented a 
bloated appeal anee The skin was tense, glistening and waxy, and the sub- 
dermal tissues AA^eie the seat of fiim edema, most noticeable ovei the doisum of 
the feet and in the region of the external genitalia The head was maikedly 
inci eased in size and dolichocephalic It Avas 45 cm in eircumfei ence at the 
JeA'el of the occipital piotubeiance The eyes AA'ere Avidely sepaiated and the eye- 
lids, cheeks, lips and AVings of the nostiils Aveie gieatly thickened The abdomen 
Avas piotubeiant The aims Aveie shortened measuiing 26 cm in length, the 
hypothenai eminences lesting at the level of the crest of the ilium The legs, 
AAdiich AA'eie laige in calibei, measuied 32 cm in length On section the sub- 
cutaneous tissues of the thoiacic and abdominal AAmlls presented the appeal anee 
of gelatinous edema The loose tissues m the anterioi mediastinum and aiound 
the kidneys Aieie similaily involved On stiipping the muscles fiom the anteiioi 
thoiacic Avail a AAell-inaiked losaiy came into vieAV This, on dissection AA'as 
found to consist of liA'pei plastic caitilages AAdiich ovei lapped the anteiioi extiemi- 

17 Cestan NouAelle Iconogiaphie de la SalpStii&ie, 1901 xiv 277 

IS Chiistophei Ameiican ISIed June 7, 1902 

19 Hektoen Am Join Med Sc iieAV senes, 1903, exxv 751 
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ties of the iihs and weie specially conspicuous on the innei aspect of the chest 
The foiaman magnum uas distinctlj^ diminished in its anteio posteiioi diameter, 
the pehis ivas coiiti acted in all diameteis and its bony elements iveie thickened 
The long hones of both the uppei and lowei cvtiemities iveie gieatly shoitened, 
the shafts iveie thickened and film and the caitilages iveie enlaiged and nodulai 
Thyioid The thvioid iveighed 4 4 gm The left lobe ivas one thud again as 
laige as the light The gland was pinkish in coloi and fiini in consistence 
Pituitary This oigan uas noticeahlj diminished in si/e Lymphoid System 
The lingual and faucial tonsils, tlie Lniphoid follicles in the spleen and gastio 
intestinal tiact, including Peyei’s patches, and the mesenteiic Lnipli nodes weie 
maikedly hypei plastic Adienals Both adienals ueie small and then coitices 
ueie nail owed Aoita This vessel was distinctly hypoplastic 

Anatomical Diagnosis Chondiodystiophia foetalis, inyvedema, chionic 
inteistitial thyioiditis, status lymphaticus uith concomitant hypoplasia of the 
adienal eoitev and of the aoita bilateial Indiothoiav, congestion and atelectasis 
of lungs, Inpoplasia of pituitaiy 

Histological Examination of Tlnioid On histological examination of the 
tin 1 Old it uas found that the noimal aichitectuie was scaicelv lecogni/ahle 
Ihe gland was tiaieised at numeious inteivals by bands of dense iichlv lascu- 
laiized connective tissue intei communicating in such a uav as to dnide the 
paienchyma into solid islands of vaiMiig shapes and si/cs, the individual cells 
being closely packed The paienchjma cells ueie pale and then citoplasm uas 
finely gianulai, while the nuclei vaiied in si/e and chioinatic iichness In 
laie instances an alveolus vas encounteied uhich uas compaiable to the iioi 
mal, that is to say, it vas lined by a single la-sei of cuboidal epithelium but 
colloid was piacticall}' absent Lying in the connectne tissue at scatteied intei 
vals iveie clumps of iichly chiomatic spindle shaped cells In places these cells 
did not confine themsehes to the intei stital fiamewoik, but enci cached on and 
finally replaced the paienchyinatons islands to such an extent tint a low pow'ei 
field not infiequently was found to contain fiom ten to thiitv alveoli in which 
the epithelium had been leplaccd by clumps of spindle cells standing out in 
stiong contract to the epithelial islands 

Case 2 — Autopsy 3484 Section limited to abdominal incision Post moitem 
examination bv Dr Symmeis 

Ihe body was that of a female child, 5 months of age, 53 cm in length Ihe 
skin wns pale and iiiegulaily thiowai into folds The head w’as maikedly enlaiged 
and dolicocephalic The uppei eyelids on both sides weie puffy, giving a fiog 
like expiession to the face The nose w^as large, depiessed at the lOot, and the 
wings of the nostrils, lips and cheeks W'eie distinctly thickened Both aims W'eie 
shoitened, the tips of the fingers reaching slightly below the level of the ciest 
of the ilium The abdomen w'as decidedly protuberant On opening the abdomen 
a laige amount of mucoid material of the appeal ance and consistence of Whai 
ton’s jelly wms found in the loose connective tissue of the niesenteiy and of the 
gastio hepatic omentum Tongue The tongue w^as enlarged and pi ejected 
slightly beyond the lips Thyroid The thyroid measured 2 5x15 cm and 
wms coarsely lobulated The oigan ivas pinkish in coloi, the cut surface was 
flesh tinted and scatteied over it weie numerous minute giayish stiands No 
colloid W’as apparent to the naked eye Lymphoid Sj’stem The lymphoid tis 
sues weie atrophic throughout 

Anatomical Diagnosis Chondiodystiophia foetalis, cietinism, chioiiic 
intei btiiial thyioiditis, maci oglossia , inanition 

Histological Examination of Thyioid On examination of the thyioid gland 
it W’as piactically impossible to identify the tissue fiom its micioscopic appear- 
ances The parenchyma was divided into laige, vaiiously shaped lobules by 
bioaa bands of coarsely fibiillated, poorly nucleated connective tissue fiom 
which delicate strands penetrated the cell groups at frequent intervals and sub 
diMded them into small alveoli lire alveoli w’eie ciow’ded w’lth laige flattened 
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noimal ” Ljmplioul System This system piesented the changes incident to 
well niaiked status lymphaticus associated with cliaiacteiistic nan owing of the 
supiaienal coitices 

Anatomical Diagnosis Chondiodystioplna foetalis, myxomatous tiansfoima- 
tion of the pia aiachnoid, status lymphaticus 

Micioscopic Examination of the Tliyioid Histological investigation of the 
tliyioid leiealed the piesence of excessne ovei -growth of inteistitial connective 
tissue, the tiaheculae of vhieli weie disposed in such fashion as to divide the 
substance of the gland into iiiegulai islands and to sepaiatc the indnidual 



Fig 2 — Case 4 — Xia 3 r photograph of chondrodystiophic child, 2 inonths of 
age, 42 cm in length, showing diai acteristic cartilaginous and honj^ changes 
Note the enlarged cianial vault, the depressed nose, hypeiplasia of the costo- 
cliondial caitilages and those of the long bones, diminution m length and inciease 
in thickness of the shafts of the bones of the extremities and the coiiti acted 
pelvis 

alveoli one fiom the othei The connective tissue vas moderatelj’^ cellulai and 
fairljr veil vasculaiized For the gi eater pait the alveoli were well foimed and 
hlled bv colloid and varied in size AVithin noimal limits They veie lined by a 
single Kjer of well nucleated cuboidal epithelium In occasional instances 
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tissues weie maikedly tliickened and suppoiled innimieiable megulailv out- 
lined cellulai islands the individual constituents of vhich weie densely packed 
and ueie piovided vitli small, rounded oi cylindncal, iiclily clnomatic nuclei 
Skin Micioscopic examination of the skin shoued niaiked atiophy of the 
epithelial papillae The suhdeimal structuies iveie gieatly thickened and 
edematous and made up of coaise, swollen, hjalin fiheis in which the nuclei 
weie leiy small, few in numhei and pooi m chiomatm In the deepei paits fat 
lohules occuiied in abundance 

Muscle Tissue Micioscopic examination of the peiipheial muscles levealed 
the existence of inaiked atiophy of the individual fiheis uitli actual leplace- 
nient at scatteied inteivals h^ clumps of cells uith spindle shaped nuclei 
Case 5 — Autopsy 3445 Post moitem examination hj Di Non is 
The body was that of a female, 31 ■>eais of age, 110 cm in length The head 
vas laige, hi ach^ cephalic and measuied 55 cm in ciicumfeience The nose vas 
small, shoit and depiessed at the budge The aims ueie abhieiiated, measiii 
mg 38 cm in length and the hands, \\hich weie small, did not leach hejond 
the ciest of the ilium The legs measuied 43 5 cm m length The abdomen 
was piotuheiant and the subcutaneous fat was leiy abundant Fuithei examin- 
ation of the bod's levealed nothing aioithy of mention othei than chaiacteiistic 
hypei plastic changes in the caitilages of the long bones, thickening and scleiosis 
of the shafts and diminution in the antei opostenoi diametei of the foianien 
magnum The thyioid w'eighed 6 5 gm and was deep led in color 

Anatomical Diagnosis Chondiodjstiophia foetalis, chionic paiencliMiiatous 
nephiitis fatti degeneiation of the heait and Inei, acute phaiMigitis, fibio 
m'^onia of uteius, scleiosis of o\aiies, congestion of thjioid 

Histological Examination of Ihyioid On microscopic examination of the 
thjioid it w'as found that the paienchynia was iiiegulail'^ dnided into Kige 
islands bv bioad bands of coaiselj fibiillai, pooilj nucleated connectne tissue 
Delicate subsidiaiy trabeculae penetiated the islands and suiioiinded the indnid 
ual alveoli In the connective tissue fiamew'oik deeph injected tessels w'eie 
numeious In the larger tiabeculae the lessels weie of consideiable size, Aihile 
the more delicate strands around the alveoli suppoited a tasculai net-woik the 
ramifications of wdiich included piactically eveiy ah coins m a capillaiy loop, 
so that the contents of the vessels W'ere sepaiated fioni the epithelium of the 
alveoli by a single layei of endothelium The aheoli ^alled in si/e within 
model ate limits The smallest were fiee fiom colloid and scaicelj laigei than 
those encountered in the fetal gland, while the laigest appioximated in size the 
aheoli of the adult thyroid and were partially oi completely filled by faintlj' 
staining colloid Although the smaller alveoli piedommated, the laigei colloid- 
containing vesicles w'ere piesent in considerable numbeis The epithelial cells 
in the alveoli ivere fairly large, oval or lounded, and weie provided with modei 
ately chromatic nuclei and finely gianular, faintly acidophilic cytoplasm The 
largei aheoli w'ere lined by a single layei of cells, wdiile the smallei weie pai- 
tially 01 completely filled by detached epithelium In addition to these changes 
theie occuried in the connective tissue at scattered intenals small foci of cells 
w ith 1 ichly chromatic, spindle shaped nuclei and seal cely pei ceptible cytoplasm 
In no instance was it possible to detect any sign of invasion of the alveoli bj 
these cells 

CONCLUStOlirS 

1 There is a foim of ehondroctystrophia foetalis in which, in addition 
to changes in the osseous system, we feel justified in emphasizing the 
occurrence of modifications in the soft tissues w’^hich aie attributable to 
pathological defects in the thyroid gland The modifications in question 
consist of thickening of the lips, cheeks and eyelids, the wings of the 
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nostiils and the lobes of the ears, macioglossia;, hyiDeitiophic ^iilvae and 
myxomatous traiisfoimation of the subcutaneous and ceitain deep con- 
nective tissues, all of which, when combined with the laige head and 
frog-like expression, the protubeiant abdomen, pi eminent skin folds and 
pudgy extiemities, fulfill the essential lequiiements foi the diagnosis of 
cietinism In the latter connection it is to be observed that the chondio- 
dysti opine individual veiy often beais the so-called “cretinoid physiog- 
nomy” without presenting any evidence of cretinism In these ciicum- 
stances the laige head, depiessed nose and dwaifed bod}^, while constitut- 
ing a superficial lesemblance to cretinism are, m leality, the outwaid 
expiession of a disease which is lefeiable to the bony system and which 
aiises independently of demonstrable changes in the thyioid gland To 



Fig 4 — Case 5 Low power d^a^^mg of tlnroid sho\Mng extensive connec- 
tive tissue hyperplasia, alveoli paitially or completely filled by detached 
epithelium, and colloid-containing vesicles Female, aged 31 Diawn with 
Edmgei’s apparatus 

what extent, if any, functional distuibances m the developing thyroid are 
responsible for the skeletal deformities is an open question When 
chondrodystrophia foetalis and cretinism coexist the picture becomes still 
fuithei involved, and it may not ahvaj'^s be apparent to what extent the 
physiognomy is determined by cretinism and how much of it is due to 
the chondiodystrophic process acting through premature synostosis of 
the os tribasilare 

2 In the cretmistic variety of chondrodj'-strophia foetalis which we 
have 311 st described, the pathological changes in the thyroid gland arp 
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cliaiacteiizcd by an extensive chionic piodiictivc inflaminatoiy piocess 
e^entuatlng in replacement of the colloid vesicles by means of ovei-giowtb 
of alveolai epithelium, oi by invasion and substitution of the alveoL by 
connective tissue elements deiived fiom the iiitei stitium, aided, in both 
instances, by compression exeited fiom the outside bv the coiiti acting 
fibrous tiabeculae 

3 In Case 5 we aie confionted bj an instance of chondiodY'^tiopbia 
foetalis in a female 31 3 ^eais of age, uhose thyioid gland shoved the his- 
tological changes incident to chionic mteistitial thyioiditis AYliile most 
of the vesicles weie free fiom colloid consideiable niimbcis weic filled 
01 even slightly distended TJnfoitiinately we aie luiable to give anv 
infoi Illation concerning the colloid content of the pituitai}' body At the 
post 11101 tern examination it was noted tliat the physiognomy was ^^cic- 
tinoid” in type, but signs of myxedema weie not detected In the absence 
of a histoiy of cietinism in childliood we must yield to the natiiial con- 
clusion that, during life, the patient’s thyioid, although extensnelv dis- 
eased, vas sufficiently active to pioteet hei against mvxedema 

4 In Case 3 the subject was a child, 15 months of age, in vhose bony 
skeleton the signs of fetal chondi odysti ophv weie indisputable but the 
changes indicative of cietmism weie limited to myxomatous tiansfoima- 
tioii of the pia-aiachnoid and to enlaigement of the eais, piidgv legs and 
spade-like hands The tliyioid was desciibed as “slightly eiilaiged,” and 
histological examination showed evidences of an extensne chionic intei- 
stitial thyioiditis in which, howevei, colloid-coiitaining vesicles occuned 
in lai ge numbers Here, again, we must conclude that the child was, to 
an extent, protected against myaedenia as the lesiilt of paitial pieseiva- 
tion of the functional activity of the thjwoid gland 

In conclusion, iie Misli to acknowledge om giatitncle to Di Cliailes Noins 
foi his kiiidlv inteiest and coopeiation, and to thank Di K D Bit son foi aid 
in the piepaiation of the illustiations Acknow ledgenient is also due Dis 
La Fetia and Liiideman 
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STUDY XVJI BXPEEIMEXTAL CHEOXIC XBPHEITIS PEO- 
DUCED BY THE COMBINATION OE CHEMICAL 
(UEAYHUM NITEATB) AND BACTEEIA 
{B COM COMMUNIS)'' 

JAMES P O’HARE, M D 

BOSTO^^ 

TJiis study lias been made at the suggestion of Di Heniy A Cliiistian 
in an attempt to pioduce a cliTonie nephritis in animals in a mannei 
comiiaiable to that used bv Opie’^ in the production of an expeiimental 
ciiihosis of the livei Opie found that lepeated injections of chloiofoim, 
winch causes a neciosis of the livei, and Bacillus coli communis, whose 
1 elation to +he livei is quite intimate, produced a weil-niaiked scleiosis of 
the liiei In the piesent expeiiments repeated injections of uranium 
inflate and B coh communis weie made in labbits to see if in similai 
way a scleiosis of the kidney would be pioduced Uianium nitiate is 
known to pioduce an acute nephiitis similar to that oecuiiiiig in human 
beings 111 which theie is veiy extensive necrosis of the tubulai epithelium, 
and has been shown by Dickson,- SmitlP and others, to pioduce a chronic 
iieplnitis when injected lepeatedly ovei a long peiiocl of time Although 
the 1 clationsliip between B coh communis and the kidney is not as 
mtimate as that with the livei, infection of the uiinaiy tiact with colon 
bacilli IS faiily common and it has been suggested that these bacteiia 
may play a part in the chionic nephiitis occurring in man 

Eabbits were the animals used Although full giown labbits weie 
selected in most ot the experiments, it was found very difficult to keep 
them alive long enough to piodnce any chionic lesion In fact about 
one-half of all the labbits started, died within a few days, eithei fiom a 
septicemia fioni B coh communis oi from the uianium nitrate, or from 
botli Only eighteen out of foity labbits used, suivived long enough to 
pioduce any chionic lesions These eighteen weie cained through a 

A senes of studies on expeiimental caidiovasculai disease lias been pub- 
lished pienouslv. see Study XVI The AncHnns of Ixt Med, 1913, \i, 517, 
foi lefeience to these 

Eiom the Laboiatoiy of the Depaitinent of the Theoiy and Piactice of 
Pin sic Medical Bchool Hal^ald Univeisitv 

Ihis uoik uas done uiidei a giant fiom the Pioctoi Fund foi the Study of 
hhionic Disea'ses 

'’Submitted foi publication Mai eh 25, 1913 

1 Opie Join Expel Med 1909 xii 237 

2 Dickson The Aechives Ixt Med 1909 in 375 

3 bniith The Archiies Ixt Med 1911, mu, 481 
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peiiod of life varying fiom a fev veeks to file months Some died, most 
of them weie killed 

The exact method employed vaiied with the indnidiial animal and 
can be found m the piotocols One was gnen 5 mg of niamiim nitiate 
subcutaneously e^ely thiee weeks, and at the same time 0 25 c c of a 
twenty-foui lioui bouillon cultuie of B coh commums intia-\enously 
eveiy three davs Foui weie given 2 mg uianium nitiate at intenals 
of thiee days foi thiee doses, followed by thiee do<5cs of 0 25 c c of a 
tvent 3 "-foui houi bouillon cultuie of B coh commums at thiee-clay 
Intel lals, etc The lest veie gnen alternate doses of uiannim nitiate 
2 mg, and B colt commums 0 25 c c at thiee-day inteivals In one 



Fig 1 — Ralibit 370 Magnification 65 diameteis Kidney showing aiea oi 
connective tissue ineiease ladiating into the coitev fiom the suiface 


case. Babbit 370, the dose of B coh communis was incieased during the 
last two months to 0 35 c c 

The results of this treatment tveie that twelve out of the eighteen 
rabbits showed a moderately marked increased of the connects e tissue, 
four a moderate increase, two a flight increase in the connective tissue 
In thirteen the connective tissue was present in the outer cortex, usually 
starting from the suiface in form of a scar running down one or moie 
of the rays (Pig 1, Babbit 370 , Pig 2, Babbit 445 , Pig 3, Babbit 461 , 
Pig 4, Babbit 472 ) In two ot these cases the connectne tissue was verv 
marked in the outer cortex In seventeen of the cases theie was increased 
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fibioiis tissue at the junction between the coitex and the medulla (Eig 
5 , Kabbit 471 , Fig 6, Eabbit 473 , Fig 7 , Babbit 460 ) This seemed to 
be the favoiite place for the gieatest inciease, as thiiteen of the eighteen 
eases showed a maiked inciease in this region Fouiteen cases showed 
an inciease of fibious tissue in the medulla, in none was the mciease 
vei}^ niaiked 

The eonnective tissue was quite hbious in most cases, though in some 
it was faily cellulai In most of the kidneys ail thiee localities weie 
involved, the connective tissue spieadmg fiom the sin face down the lays 
in foim of seals containing distoited glomeiuli These scais were con- 



Fig 2 — Rabbit 445 Magnification 65 diameteis Kidney showing aiea of 
connective tissue inciease ladiating into the coitex fiom the suiface 


nected at the apex of the labyimtlis by a thick band of connective tissue 
lunnmg paiallel tc the surface The connective tissue in the medulla 
was nevei veiy marked 

Lymphocytic mfiltiatiou was present in ten of the eighteen cases, 
but was well maiked in only three of the cases ISTo special part of the 
kidney was singled out, clumps of small lymphocytes being present here 
and theie in all parts 

Most of the cases showed iniohement of the glomeruli, this taking 
one 01 more of several forms Ten showed distinct drawing togethei of 
the glomeiuli by contiaction of the connects e tissue m the scais (Figs 
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1, 2 and 3 ) Six slioned a moie oi less niaiked dilatation of tlie capsule;, 
usually accompanied by a sin inking of the tuft as fioiii piessuie of fluid 
111 the capsulai space (Fig 3 ) Five slioued shiinking of the glomeiuli 
and twelve a distinct thickening of the capsulai ivalls of many glomeruli 
Ten showed also a tliickening of the ivalls of the vessels in the tuft 
Foul shoived a piolifeiation of the endothelial cells in the glomeruli and 
foul an mci eased numhei of led blood-corpuscles in the glomeiuli Only 
seven out of the eighteen showed any dilatation of tubules such as Sniith^ 
speaks about This is only u ell maiked in two cases (Fig 8, Eabbit 442 ) 



Fig 3 — Rabbit 4G1 Magnification 65 diameteis Kidney showing aiea of 
connective tissue inciease ladiating into the coitex fioni the suiface 

In compaiiiig the results of this senes of expeiimeiits with those 
obtained by SmitlF a geneial impression ivas obtained that chronic 
changes weie more regularly encountered in the kidneys of rabbits which 
had received both uianium nitiate and Bacillus coh communis than in 
those rabbits which had receiied only uranium nitrate It was found 
difficult, however, to make an actual compaiison between the lesions in 
tvo sets, inasmuch as the labbits of Smith’s series of exiieiiments varied 
considerably m the method of treatment from the rabbits in this series, 
both with regard to the dosage and the time elapsing between the last 
do^e and the time of death i 
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Tlieic wcie, ]}ow£\ei;, ten labbits winch weie earned through an 
appioximately equal peiiod ol active treatment In five uianium nitiate 
alone was given, in the othei five alternate doses of uianium nitiate and 
Baalhis coh communis weie given, the total number of doses of the two 
being appioximately the same as the total number of doses of uranium 
nitiate in the fiist file In these labbits the amount of connective tissue 
change showed no great prepondeiance in eithei set On the whole, the 
connective tissue was lathei more dense in the kidneys of the rabbits 
which liad leeeiied both uianium nitrate and Bacillus coh communis 
In addition to these ten labbits, theie weie six rabbits, all of which had 



Fig 4 — Kabbifc 472 Magnification G5 diameteis Kidnej’’ shoeing aiea of 
eonneclne tissue increase ladiatmg into the coitex fiom the suiface 


leceiied appioximately the '?ame numbei of equal size doses of uranium 
nitiate ovei a period of equivalent time Thiee of these in addition had 
leceiied doses of Bacillus coh communis In this set the rabbits that 
had leccived both uianium nitrate and Bacillus coh communis showed 
distinctly a moie maiked connective tissue change in their kidneys 
In any study of expeiimental chronic nepliiitis in the rabbit it must 
be kept in mind that the kidney of the rabbit very frequently shows a 
slight amount of connective tissue winch has arisen undei natuial con- 
ditions in the animal, and is not the lesult of any form of expeiimental 
tieatment Occasionally quite maiked chionic lesions aie encoimteied 
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m thppe -untieatccl animals Making due allowance foi these spontaneous 
lesions and utilizing as contiols the tissues of the kidneys of those labbits 
in tile senes which died of aente lesions leiy shoitly aftei the beginning 
of the treatment, it would appeal that tlie combination of nianunn 
nitiate and Bacilhi<i coh conimunik veiy definitely and quite legiilarly 
piodnces in the labbift; kidney a cliionic lesion with connectne tissue 
increase, and othei changes in many le-^pects eompaiable to the lesions 
of chionic Intel stitial nephiitis in man in so fai as leiial elements aie 
conceinecl The aiteiioscleiotic lesions that aie ''O common in the linnian 
kidneys of chionic inteistitial ncphiiti'> aic not found in the'^e labbit 
kidneys 



l<ig 5 — Rabbit 471 Magiiihcation 65 diameteis Kidney showing connective 
tissue inciease at tlie junction between coitex and medulla 


In the series of kidneys desciibed m this papei it would seem fan to 
exclude those kidneys desciibed as shoiving a modeiate or slight inciease 
in connective tissue change, inasmuch as these changes, though rathei 
more fiequent in this senes, were not in excess of the lesions veiy com- 
monly found in untieated labbits This, then, would leave twelve 
labbits m which a consideiable inciease in connective tissue was pro- 
duced in the kidnej’^ after injections of uranium nitrate and Bacillus coh 
communis covering a very considerable period of time as shmvn in the 
piotocols In other words, of 40 labbits used in these expeiiments 33 
died so soon after the first injections a's to exclude the possibility of any 
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cliioiiic Jesion^ J8 lived long enough under tieatmeut to show possible 
chronic lesions Of these 18^ 12 oi two-thirds, showed a considerable 
degiee of chionic change, sufficient to ^ustifj’’ the term chronic expeii- 
mental nephiitis The remaining 6, though showing some chrome 
change, are excluded fiom the senes inasmuch as the change shown was 
not moie than is fiequently seen in labbits not treated 

The piotoeols of the labbits shoiving more definite changes are 
appended 

PEOTOCOLS 

Eabbit 366 — ^Weight, 1,650 grams Uiamum nitrate subcutaneously 3 mg, 
Dec 4, 1911, 5 mg, Decembei 9, 3 mg, Dccembei 11, 5 mg, Deeembei 13 
B coh commum^ intiavenously 0 25 c c of 24-bom bouillon cultme, Decembei 



Fig 6 — Rabbit 473 Magnification 65 diameteis Kidney showing connective 
tissue inciease at the junction between coitex and medulla 

15, 18, 21 Uianium nitiate subcutaneously 2 mg, Decembei 24, 27, 30 B coh 
commiims intiavenously 0 25 cc, Jan 2 5, 8, 1912 Uranium nitiate sub- 
cutaneously 2 mg, Januaiy 11, 14, 17 B coh commums intravenously 0 25 ec, 
Januaij 20, 23, 26 Uianiuni nitiate subcutaneously 2 mg, January 29, Febru- 
aiy 1, 4 B coh commnms intravenously 0 25 cc, February 7, 10, 13 Uranium 
nitiate 2 mg subcutaneously, February 16, 19, 22 E coh commums intraven- 
ouslj>^ 0 35 c c , February 25, 28, March 2 Uiamum nitrate subcutaneously 2 mg , 
March 5, 7, 10 

Eabbit killed March 12, 1912 Duration of experiment seventy days Kidney 
shoMs moderate connective tissue increase most marked in mid-zonal region 
Rabbit 370 — Caged Dee 21, 1911 Uiine negative Uranium nitrate sub- 
cutaneoush 2 mg, December 22 24 27 30 B coh commums intrai enouslj 0 25 
cc of 24-houi bouillon culture, Jan 2, 5, 8, 1912 Uiamum nitrate sub- 



















Fig 7 — Eabbit 460 Magnification 65 diameteis Ividnej showing connectne 
tissue inciease at the junction between coitev and medulla 



Fig 8 — Rabbit 442 Magnification 65 diameteis Kidiiei ‘^bowing connectne 
tissue radiating into the coitex fiom the suiface with dilatation of adjacent 
leinl tubules 
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cutaneously 2 mg, Jan 11, 14, 17 B cok commums intravenously 0 25 cc, 
January 20, 23, 26 Uranium nitrate subcutaneously 2 mg, Jan. 29, February 
1, 4 B. coh commums intravenously 0 25 cc, February 7, 10, 13. Uranium 
nitrate subcutaneously 2 mg, February 16, 19, 22 B coh commums intraven- 
ously 0 35 c e , February 25, 28, March 2 Uranium nitrate subcutaneously 2 mg., 
March 5, 7, 10 B coh commums intravenously 0 35 ec, March 15, 18, 21 
Uranium nitrate subcutaneously 2 mg, March 24, 27, 30 B coh commums 
intravenously 0 35 c c , April 2, 5, 8 Uranium nitrate subcutaneously 2 mg , 
April 11, 14, 17 B coh commums intiavenously 0 35 cc, April 21. 

lulled April 24, 1912 Duration of experiment 126 days Kidney shows bands 
radiating in from the surface in which tlieie is a moderate connective tissue 
increase, rather cellular in character 

Eabbit 382 — Weight, 1,400 grams Caged Dec 28, 1911 Urine negative 
Uranium nitrate subcutaneously 3 33 mg per K , December 30, 31 B. coh com- 
mums intravenously 0 25 c c of a 24-hour bouillon culture, J anuary 27 Uranium 
nitrate subcutaneously 5 mg , February 17. B coh commums intravenously 0 25 
c c , March 9 Uranium nitrate subcutaneously 5 mg and B coli commums intra- 
venously 0 25 c c , March 30 B coh commums intravenously 0 25 e c , April 2, 
5, 8, 11, 14, 18 Uranium nitrate subcutaneously 5 mg and B coh commums 
intravenously 0 25 c c , April 21 B coh commums intravenously 0 25 c c , 
April 24, 27, 30, May 4, 7, 10, 13, 15, 17, 20, 23, 26, 29, June 1 Uranium nitrate 
subcutaneously 5 mg and B coh commums intravenously 0 25 c c , June 4 B 
coh commums intravenously 0 25 cc, June 7 

Killed June 10, 1912 Duration of experiment 165 days Kidney shows con- 
dition quite similar to Eabbit 366 

Eabbit 440 — Caged March 3, 1912 Urine negative. Uranium nitrate sub- 
cutaneously 2 mg , March 24 B coh commums intravenously 0 25 c c , of 24-hour 
bouillon culture, March 27 Uranium nitrate subcutaneously 2 mg, March 30. 
B coh commums intravenously 0 25 c c , Apiil 2 Uranium nitrate subcutaneously 
2 mg , April 5 B coh commums intravenously 0 25 c c , April 14. 
Uranium nitrate subcutaneously 2 mg , April 18 B coh commums 
intravenously 0 25 cc, April 21 Uranium nitrate subcutaneously 2 mg, 
April 24 B coh commums intravenously 0 25 c c , April 27 Uranium 
nitrate subcutaneously 2 mg, April 30 B coh commums intravenously 0 25 
c c , May 24 Uranium nitrate subcutaneously 2 mg , May 7. B coh commums 
intravenously 0 25 c c , May 10. Uranium nitrate subcutaneously 2 mg , May 13 
• B coh commums intravenously 0 25 e c , May 17 Uranium nitrate sub- 
cutaneously 2 mg , May 20 B coh commums intravenously 0 25 e c , May 23 
Uranium nitrate subcutaneously 2 mg , May 26 B coh commums intravenously 
0 25 c c , May 29 Uranium nitrate subcutaneously 2 mg , June 1 B coh com- 
mums intravenously O’ 25 c c , June 4 Uranium nitrate subcutaneously 2 mg , 
June 7 B coh commums intravenously 0 25 cc, June 10 Uranium nitrate 
subcutaneously 2 mg , June 13 B coh commums intravenously 0 25 c c, June 
16, etc B coh commums intravenously 0 25 c c , June 26 

Killed July 8, 1912. Duration of experiment 106 days Kidney shows slight 
focal increase in connective tissue, cellular in type 

Eabbit 442 — ^Weight, 1,560 grams. Caged March 9, 1912 Urine negative 
Uranium nitrate subcutaneously 2 mg, March 10, 13, 16 B coh commums 
intravenously 0 26 c c of a 24-hour bouillon culture, March 18, 21, 24 Uranium 
nitrate subcutaneously 2 mg, March 27, 30, April 2 B coh commums intra- 
venously 0 25 cc, April 5, 8, 11. Uranium nitrate subcutaneously 2 mg, April 
14, 17, 21 B coh commums intravenously 0 25 c c , April 24, 27, 30 Uranium 
nitrate subcutaneously 2 mg , May 4, 7, 10 B coh commums intravenously 0 25 
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c c j May 13, 17, 20 Uranium nitrate subcutaneously 2 mg , May 23, 2G, 29 
B coll communis intravenously June 1, 4, 7 

llilled June 10, 1912 Duration of experiment 93 days Kidney shows scat- 
teied areas of connective tissue increase with distinct dilatation of some of tubules 
KAbbit 445 — Weight, 1,530 giams Caged March 10, 1912 Urine negative 
Uranium nitrate subcutaneously 2 mg, Maicli 11, 14, IG B colt communis 
intravenously 0 25 c c of a 24-bour bouillon culture, March 18, 21, 24 Uianium 
nitrate subcutaneously 2 mg, Maich 27, 30, April 2 B coli communis intra- 
venously 0 25 cc, Apiil 5, 8, 11 Uranium nitrate subcutaneously 2 mg, April 
14, 17, 21 B coll communis intravenously 0 26 c c , April 24, 27, 30 Uranium 
nitrate subcutaneously 2 mg , !May 4, 7, 10 B coli communis intravenously 0 25 
cc. May 13, 17, 20 Uranium nitiate subcutaneously 2 mg. May 23, 2G, 29 
B coll communis inti avenously 0 25 c c , June 1, 4, 7 

Killed June 10, 1912 Duration of expeiiment 92 days Kidney shows quite 
laige areas in which there is a vei 5 ' consideiable connectiye tissue increase 
Kabbit 460 — ^IVeight, 2,380 grams Caged March 27, 1912 Urine negative 
Uianium nitrate subcutaneously 2 mg, March 27 B coli communis intra- 
venously 0 25 cc of 24-hour bouillon culture, March 30 Uianium nitrate sub 
cutaneously 2 mg , April 2 B coli communis intravenously 0 25 c c , April 5 
Uranium nitrate subcutaneously 2 mg, April 8 B coh communis intravenously 
0 25 cc, April 11 Uianium nitrate suWitaneously 2 mg, April 14 B coh 
communis intravenously 0 25 c c , April 17 Uranium nitrate subcutaneously 
2 mg , April 21 B coh communis intravenously 0 25 c c , April 24 Uranium 
nitiate subcutaneously 2 mg, April 27 B coh communis intravenously 0 25 cc, 
April 30 Uranium nitrate subcutaneously 2 mg. May 4 B coh communis 
inti avenously 0 25 cc. May 7 Uianium nitrate subcutaneously 2 mg, May 10 
B coh communis intravenously 025 cc. May 13 Uranium nitiate sub 
cutaneously 2 mg. May 17 B coh communis inti avenously 0 25 cc. May 20 
Uranium nitrate subcutaneously 2 mg , May 23 B coh communis intravenously 
0 25 cc, May 26 Uranium nitiate subcutaneously 2 mg. May 29 B coh com- 
munis intiavenously 0 25 cc, June 1 Uianium nitrate subcutaneously 2 mg, 
June 16 B coh communis intravenously 0 25 cc, June 20 Uranium nitrate 
subcutaneously 2 mg , June 23 B coh communis intravenously 0 25 c c , June 26 
Uranium nitiate subcutaneously 2 mg, June 29 

Killed July 8, 1912 Duration of experiment 103 days I^dnej shows pic- 
tuie quite similar to Eabbit 445 

Eabbit 461 — Weight, 2,100 grams Caged March 27, 1912 Urine negative 
Uianium nitrate subcutaneously 2 mg, March 27 B coh communis intra- 
venously 0 25 c c of 24-hour bouillon culture, March 30 Uranium nitrate sub- 
cutaneously 2 mg, April 2 B coh communis intiavenously 0 25 cc, April 5 
Uranium nitrate subcutaneously 2 mg, April 8 B coh communis intiavenously 
0 25 c c , April 1 1 Uranium nitrate subcutaneously 2 mg , April 14 B coh 
communis intravenously 0 25 c c , Apiil 18 Uranium nitrate intiavenously 2 mg, 
Apiil 21 B coh communis intiavenously 0 25 cc, April 24 Uianium nitrate 
subcutaneously 2 mg , April 27 B coh communis intravenously 0 25 c c , April 
30 Uranium nitrate subcutaneously 2 mg. May 4 B coh communis intra- 
venously 0 25 c c , May 7 Uranium nitrate subcutaneously 2 mg , May 10 
B coll communis intravenously 0 25 c c , May 13 Uranium nitrate sub 
cutaneous^ 2 mg , May 17 B coh communis intravenously 0 25 c c , Mav 20 
Uianium nitiate subcutaneously 2 mg. May 23 B coh communis intravenously 
0 25 c c , May 26 Uranium nitrate subcutaneously 2 mg , May 29 B coh com- 
munis intravenously 0 25 c e , June 1 Uranium nitrate subcutaneously 2 mg , 
June 4 B coh communis inti ai'enously 0 25 cc, June 7 Uianium nitrate sub- 
cutaneously 2 mg , June 10 B coh communis intravenously 0 25 c c , June 13 
Uranium nitrate subcutaneously 2 mg, June 16 B coh communis intravenously 
0 25 c c , June 20 Uianium nitrate subcutaneously 2 mg , June 23 B coh 
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commums intiavenously 0 25 cc, June 26 Uianium nitrate subcutaneously 2 
mg, June 29 

Killed July 8, 1912 Duration of expeiiment ninety-eight days Kidney 
shows aieas radiating in from surface in which theie is considerable connective 
tissue increase, cellular in chaiacter with almost complete disappearance of 
tubules 

Eabbit 468 — ^Weight, 1,890 grams Caged Apiil 10, 1912 Urine negative 
Uianium nitrate subcutaneously 2 mg, Apiil 11 B coh communis intravenously 
0 25 c e of 24-hour bouillon culture, April 14 Uianium nitrate subcutaneously 
2 mg , April 18 B coh communis intravenously 0 25 c c , April 21 Uranium 
nitiate subcutaneously 2 mg, April 24 B coh communis intravenously 0 25 cc, 
Apiil 27 Uianium nitrate subcutaneously 2 mg, April 30 B coh communis 
intiavenously 0 25 cc. May 4 Uranium nitrate subcutaneously 2 mg. May 7 
B coh communis intravenously 0 25 cc, May 10 Uianium nitrate sub- 
cutaneously 2 mg , May 13 B coh communis intravenously 0 25 c c , May 17 
Uianium nitrate subcutaneously 2 mg , May 20 B coh communis intravenously 
Of 25 cc, May 23 Uianium nitiate subcutaneously 2 mg. May 26 B coh com- 
munis intravenously 0 25 c c , May 29 Uranium nitrate subcutaneously 2 mg , 
June 1 B coh communis intravenously 0 25 cc, June 4 Uranium nitrate sub- 
cutaneously 2 mg , June 7 B coh communis intravenously 0 25 c c , June 10 
Uianium nitrate subcutaneously 2 mg, June 13 B coh communis intravenously 
0 25 c c , June 16 Uranium nitrate subcutaneously 2 mg , June 20 B coh com- 
munis intravenously 0 25 c c , June 23 Uranium nitrate subcutaneously 2 mg , 
June 26 B coh communis intravenously 0 25 c c , June 29 

Killed July 8, 1912 Duiatioii of expeiiment 89 days Kidney shows model - 
ate degiee of connective tissue inciease, more marked in mid-zonal region and 
faiily cellular 

Rabbit 470 — Weight, 1,820 giams Caged Apiil 10, 1912 Urine negative 
Uranium nitrate subcutaneously 2 mg, April 11 B coh communis intravenously 
0 25 cc, of 24-hour bouillon eultuie, April 14 Uianium nitiate subcutaneously 
2 mg, April 17 B coh communis intiavenously 0 25 c c , April 21 Uianium 
nitiate subcutaneously 2 mg, April 24 B coh communis intravenously 0 25 
c c , April 27 Uianium nitrate subcutaneously 2 mg , Apiil 30 B coh communis 
intiavenously 0 25_cc, May 4 Uianium nitiate subcutaneously 2 mg. May 
7, etc , to June 10 

Found dead June 10, 1912 Duiation of expeiiment fifty-nine days Kidney 
shows a model ate degiee of connective tissue inciease quite diffuse in its dis- 
ti ibution 

Rabbit 471 — Weight, 1,912 grams Caged Apiil 10, 1912 Urine negative 
Uianium nitrate subcutaneously 2 mg, April 11 B coh communis intravenously 
0 25 c c of 24-hour bouillon culture, Apiil 14 Uranium nitiate subcutaneously 
2 mg, April 17 B coh communis intravenously 025 cc, April 21 Uianium 
nitrate subcutaneously 2 mg , April 24 B coh communis intravenously 0 25 c c , 
April 27 Uranium nitiate subcutaneously 2 mg, Apiil 30 B coh communis 
intiavenously 0 25 c c , May 4 Uranium nitrate subcutaneously 2 mg , May 7 
B coh communis intravenously 0 25 cc. May 10 Uianium nitrate sub- 
cutaneously 2 mg. May 13 B coh communis intiavenously 0 25 cc. May 17 
Uranium nitrate subcutaneously 2 mg. May 20 B coh communis intravenously 
0 25 c c , May 23 Uranium nitrate subcutaneously 2 mg , hlay 26 B coh 
communis intravenously 0 25 cc. May 29 Uianium nitrate subcutaneously 
2 mg, June 1 B coh communis intiavenously 0 25 cc, June 4 Uranium 
inflate subcutaneously 2 mg , June 7 B coh communis intravenously 0 25 c c , 
June 10 Uianium nitrate subcutaneously 2 mg, June 13 B coh communis 
intravenously 0 25 c c , June 16 

Found dead June 20, 1912 Duration of experiment sixty-nine days Kidney 
shovs condition quite similar to Rabbit 470, but more marked in degree 
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Kabbit 472 — ^Weight, 1,450 grains Caged April 7, 1912 Urine negative 
Uianium nitrate subcutaneously 2 mg, April 11 B coh communis intravenously 
0 25 c c of 24-hour bouillon culture, April 14 Uranium nitrate subcutaneously 
2 mg, April 18 B coh communis intravenously 0 25 cc, April 21 Uranium 
nitrate subcutaneously 2 mg , April 24 B coh communis intravenously 0 25 c c , 
April 27 Uranium mtrate subcutaneously 2 mg, April 20 B coh communis 
intravenously 0 25 c c , May 4 Uranium nitrate subcutaneously 2 mg , May 7 
B coh communis intra\enously 0 25 c c , May 10 Uranium nitrate sub- 
cutaneously 2 mg , May 13 B coh communis intravenously 0 25 c c , May 17 
Cranium nitrate subcutaneously 2 mg , May 20 B coh communis intravenously 
0 25 e c , lilay 23 Uranium nitrate subcutaneously 2 mg , ^lay 26 B coh com- 
munis intravenously 0 25 c c , !May 29 Uranium nitrate subcutaneously 2 mg , 
Jime 1 B coh communis intravenously 0 25 c c , June 4 

Found dead June 5, 1912 Duration of experiment fifty-four days Kidney 
shows condition quite similar to Rabbit 471 

Rabbit 473 — Caged April 20, 1912 Urine negative Uranium nitrate sub- 
cutaneously 2 mg , April 21 B coh communis intravenously 0 25 c c of 24-hour 
bomllon culture, April 24 Uranium nitrate subcutaneously 2 mg, April 27 
IS coh communis intravenously 0 25 c c , April 30 Uranium mtrate sub- 
cutaneously 2 mg , May 4 B coh communis intravenously 0 25 c c , May 7 
Uranium nitrate subcutaneously 2 mg. May 10 B coh communis intravenously 
0 25 c c , May 13 Uranium nitrate subcutaneously 2 mg , May 17 B coh com- 
munis intravenously 0 25 c c , May 20 Uranium nitrate subcutaneously 2 mg , 
ilay 23 B coh communis intravenously 0 25 c c , Jlay 26 Uranium nitrate sub- 
cutaneously 2 mg , May 29 B coh communis intravenously 0 25 c c, June 1 
Uranium nitrate subcutaneously 2 mg, June 4 B coh communis intravenously 
0 25 c c , June 7. Uranium nitrate subcutaneously 2 mg , June 10 B coh com- 
munis intravenously 0 25 c c , June 13 Uranium nitrate subcutaneously 2 mg , 
June 16 B coh communis intravenously 0 25 c c , June 20 

Found dead June 21, 1912 Duration of experiment sixty-three days Kid- 
ney shows qmte marked connective tissue increase, diffuse in character and in 
addition areas of marked connective tissue increase radiating in from surface in 
which tubules have practically disappeared 

CONCLUSIONS 

In rabbits that survive the immediate toxic effects of the agents 
employed, chrome renal lesions can be produced with considerable regu- 
larity by mjeetions of a chemical (uranium nitrate) and a bacteria 
{B coli communis) The lesions so produced are closely similar to those 
involving the renal tissues m chrome interstitial nephritis in man 
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STUDY XYIII. ACUTE EEUAL LESIONS PEODUCED BY 
URANIUM NITEATE IN THE DOG- IN COMPAEISON 

WITH THE EABBIT^ 

JAMES P O’HAEE, MD 

BOSTON 

In 1908, Christian^ described the occurrence of hyahne droplets in 
the "walls of the capillaries of the glomerular tuft in rabbits that had 
recently received doses of uranium nitrate In 1911, a further study of 
this lesion was published ^ At Dr. Christian’s suggestion, I rmdertook 
to see whether a similar lesion could be pioduced m dogs by mjection of 
uranium nitrate. 

Nine dogs of varymg breeds and weights were tested by urinary 
exammation to exclude a possible spontaneous nephritis. They then 
were given subcutaneous mjections of uranium nitrate. The number of 
doses and their time mterval differed considerably, varymg from a smgle 
dose of 3 3 mg. per kdo of body weight to three doses of 12 mg per kilo 
of body weight. Except m two mstances, the doses were given on suc- 
cessive days, and the animal killed twenty-four hours after the last dose 
by primary chloroform anesthesia and deflation of the lungs by mcision 
of the diaphragm 

A study of the renal tissues shows that the hyalme droplets are much 
more difficult of production m dogs than m rabbits, and when they do 
occur as a rule, they aie not confined so definitely to the wall of the 
capillary m the glomerular tuft. In the rabbit two or three doses of 
uranium nitrate 3 3 mg pei kilo of body weight, or larger, quite regularly 
produced extensive renal lesions, among them hyalme droplets m many 
of the glomeruli In the dog, even with large doses of uranium nitrate, 
this glomerular lesion was infrequent, and "with smaller doses such as 
produced m the rabbits the hyalme droplets with great regularity and m 
typical form, m the dog they did not occur. The epithelium of the 
tubules m the dog’s kidney shows the same lesion as that found m the 
rabbit, degeneration or necrosis, "with dismtegration of the renal epith- 

* A senes of studies on experimental cardiovascular disease lias been published 
previously, see Study XVI, The Aechives of Int ilED, 1913, xi, 517, foi refer- 
ence to these 

* From the Laboratory of the Department of the Theory and Practice of 
Physic, Medical School, Harvard University 

*This -work vras done under a grant from the Proctor Fund for the Study 
of Chronic Diseases 

1 Christian, HA A Glomerular Lesion of Experimental Nephritis Boston 
Med and Surg Jour , 1908, clix 

2 Christian, H A • The Abchives of Int !Med , 1911, -viii, 469 
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elmm, but here again laigei doses per kilo of body weight weie required 
in the dog to produce the lesion that quite regularly results from smaller 
doses in the rabbit A dose of uranium nitiate in a dog three and a half 
tunes as large as the one commonly employed in the rabbit seemed to 
produce no more extensive lesion This indicates that the dog’s ki^ey 
IS distinctly more resistant to the acute action of uranium nitrate than 
IS the rabbit’s kidney The lesults of the various experiments are given 
in the following protocols 

PEOTOCOLS 

Animal 489 — Female spaniel dog Weight, 8 3 K Caged June 13, 1912 
Uime negative June 16 leceived subcutaneously 3 3 mg uianium nitrate pei 
kilo of body weight Killed June 17 

Kidney showed heie and there deep in the medulla a single tubule or group 
of straight oi convoluted tubules, nith modeiale neciosis and beginning cast 
formation The glomeruli showed no lesion 

Animal 484 — ^3\Iongrel dog Weight, 12 K Caged May 27, 1912 Urine 
negative May 28 and 29 received subcutaneously iiianium nitrate 3 3 mg per K 
of body weight Killed May 30 

Kidney showed very slight fatty and hyaline degeneration of the convoluted 
tubules, with more extensive necrosis of groups of convoluted and stiaight tubules 
than in Animal 489 Glomeiuli showed no lesion 

Animal 450 — Brindle mongrel dog Weight, 8 7 K Caged March 10, 1912 
Urine negative March 13, 14, 15, received subcutaneously 3 3 mg uranium 
nitrate per K of body weight Killed March 15 

Kidney showed moderate degree of necrosis and hyaline degeneration of the 
convoluted tubules, with more extensive necrosis of the collecting tubules Many 
casts A few glomeruli showed very small hyaline droplets in the glomerular 
tufts, for the most pait in the wall of the capillary 

Animal 474 — ^Mongrel dog Weight, 83 K Caged May 8, 1912 Urine 
negative May 12, 13, 14, received subcutaneously 5 mg uranium nitrate per 
K of body weight Killed May 15 

Kidney showed degenerative and necrotic lesions more marked in degree than 
in Animal 450, but the glomeruli appeared normal 

Animal 281 — ^Mongrel dog Weight, 9 K October 16 received sub- 
cutaneously 7 mg uranium nitrate per K body weight Killed October 23 
Kidney showed marked necrosis of the convoluted tubules and straight tubules 
throughout the cortex Many casts Many of the glomeruli showed fine hyaline 
droplets, for the most part, but not entirely, in the walls of the capillaries 

Animal 332 — Coach dog Weight, 12 7 K Caged Oct 2, 1911 Urine nega- 
tive October 5 received subcutaneously 6 mg uranium nitrate per K body 
weight This produced albuminuria and casts, reaching the maximum October 
10, gradually decreasing and disappearing November 4, weight 11 K Novembei 
4, 5, 6, received subcutaneously 7 mg uranium nitrate per K body weight Killed 
November 6 

Kidney showed moderate neciosis of the epithelium of the tubules Glomeruli 
showed no lesion 

Animal 374 — Collie dog Weight, 14 5 K Caged Jan 2, 1912 Urine 
negative January 23, 24, 25, 26, received subcutaneously 7 mg uranium nitrate 
per K body weight Killed January 27 

Kidney showed marked necrosis of straight and convoluted tubules, not quite 
so marked as in Animal 375 Several glomeruli showed hyalin droplets, but 
these were not confined to the wall of the capillary 
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AymAi, 375 — ^Bull dog Weight, 16 K Caged Jan 23, 1912 Urine nega- 
tive January 24, 25, 26, received subcutaneously 8 mg uianium nitrate per K 
of body weight Killed January 27 

Kidney showed marked neciosis of tubulai epithelium Glomeruli showed 
many hjalin droplets, but few of these were definitely confined to the wall of the 
capillaiy 

Animal 449 — Black and white mongrel female dog Weight, 15 4 K Caged 
Mai eh 10, 1912 Urine negative March 13, 14, 15, received subcutaneously 
12 mg uranium nitrate pei K body weight Killed Maich 16 

Kidney showed marked necrosis of tubular epithelium, though probably no 
more extensive lesion than shown by Animals 374 and 375 In the glomeruli 
hyalin droplets weie more common than in the preceding animals, and occurred 
both in and outside of the walls of the capillaries 

In all of these animals uianium nitiate pioduced in the urine the signs of 
acute nephritis 

CONCLUSIONS 

The dog’s kidney seems distinctly more resistant to the action of 
nianinm nitrate than the lahbit’s in so far as the production of ana- 
tomical changes is concerned The glomerular lesion with the formation 
of hyaline droplets in the wall of the capillary tuft is pioduced with 
great diSiculiy in the dog 
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PAEATYPHOID PEVEE. A SEEOLOGIC STUDY IN EELA- 
TION TO THE EPIDEMIOLOGY ^ 

G J HUNT, MD 

HARBISBUEG, PA 

Dm mg the course of epidemiologic investigations of typhoid fevei 
the importance of the variability'- of clinical manifestations, the frequent 
failure of physicians to establish a diagnosis satisfactory to themselves, 
and the large percentage of cases m which positive agglutination reac- 
tions with the Bacillus typhosus were absent, paiticularly m water-borne 
epidemics, led to the observations herewith presented It is the purpose 
of this paper to offer as a contribution the facts developed by serologic 
studies m certain epidemics to which I was assigned m charge imder the 
direction of Dr Samuel G Dixon, Pennsylvania State Commissioner of 
Health. 

GENERAL CONSIDERATIONS 

By means of caieful observations of the biochemistiy and the agglu- 
tmation properties of micro-organisms of the typho-colon t}’pe, it has 
been found that certam forms have characteiistics which group them 
together; further, that their pathogenicity bears a somewhat definite 
relation to the grouping Eor the purpose of study and in the light of 
present mformation, the classification based on the suggestion of Paik^ 
IS used , in the order of pathogenicity it is as follows 

1 Typhoid group 

2 Paratyphoid group 

3 Dysentery group 

4 Colon group 

It is apparent from the literatuie that has accumulated since the fiist 
description of mfections which are now known as parat 3 'phoid fever that 
this disease is an unquestioned etiological entity The bacilli — B para- 
typhosus A and B paratyphosus B — described as causing this path- 
ological process have been divided mto two types because of differences 
in cultural and agglutination phenomena In the group to which they 
have been assigned, there are numerous other forms, the more important 
of which are B paracoh, B alcahgenes, B of hog chdleia, B suisepticus, 
B entenhdts (Gaertner),E of mouse typhoid, B of calves' diaiihea and 
B psittacosis To this date theie is evidence that only certain members 

* From the Pennsylvania State Department of Health 
■* Submitted for publication Maich 3, 1913 
1 Park Pathogenic Bacteria, 1910 
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are pathogenic to man, and it is with these that we are partienlarly 
interested 

The clinical course of nnreported cases has been considered indis- 
tmgnishable from that of typhoid fever. It is not possible to present the 
results of clinical study in this contiibution There are many other 
features which remain to be clearly defined, such as the sources of infec- 
tion, the methods of transmission, the association of the micro-organisms 
with the B typhosus and the relation of clinical types to atypical forms 
of typhoid fever , it is desirable to know in what proportional relationship 
typhoid fever and paiatyphoid fever and infections by other members of 
the typho-colon group may occur. It is also necessary for the application 
of preventive and therapeutic measures to know of what value anti- 
typhoid vaccme may be in cases of so-called mixed infections of this class, 
and, as to whether or not it would he advisable to use a polyvalent vaccme 
for the prevention of this group infection. These problems have, in 
part, been studied, and certain features will be considered m this article , 
others we hope to make the basis of future contributions. 

The justification for separatmg paratyphoid fever from typhoid fever 
has been much discussed In many epidemics of typhoid fever, par- 
ticularly those m which the infection is water-borne, the earlier cases 
aie atypical in onset and clinical course, and it is often difficult to con- 
vince the general practitioner that he is dealing with a disease which is 
bacillary in origin and which needs the same supervision as a typical 
case of typhoid fever 

My experience indicates that relatively few cases are diagnosed as 
typhoid fever There is no doubt that many diagnoses of '^catarihal 
fever,” ^‘^gastric fever,” ^^grip,” gastro-enteritis, abdommal mfluenza and 
others are made for patients suffering with a true B typhosus infection, 
but far more frequently with infections by some pathogenic member of 
the paratyphoid group 

Each unreported case, escaping sanitary control, is the potential 
souice of an epidemic and each case incorrectly diagnosed is mimical to 
the health of those acting as nurse and often as the household cook. In 
only one territory, that of Hawaii," and m only one state, namely, Wash- 
mgton,® IS it specifically required that the disease, as a clinical entity, 
shall be reported to the health authorities In Pennsylvania, under the 
power granted to the Commissioner of Health, the latter may, with 
approval of the Advisory Board, declare a disease reportable Such 
action has been taken durmg three epidemics which were under my 
immediate charge 

2 U S Pub Health Bull , No 45 

3 Buies and Begulations Washington State Board of Health, 1912 
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In speaking of eaily cases, it is not meant that the inciibation peiiod 
of paratyphoid fe'sci is not as long as that of typhoid fevei , we have some 
evidence that the peiiod for tiiie infections by B, pai atyphosm A and 
B paratyphosus B is the same as of B typhosus Holly in his studies 
of the so-called gastric foim of paratyphoid fevei, states that one of the 
peculiaiities of paratyphoid fevei is the insignilicant incubation time 
However, his observations were made on some 250 individuals whose 
infection was said to be due to B typhosus B, and, as will he noted later, 
there is some probability that this was really a B enteiiUdis infection, 
in which the incubation period is doubtless shorter than in true para- 
typhoid infections There is, however, a shorter piodromal period for 
paratyphoid infections , the onset is more abrupt and the clinical expres- 
sion of invasion and multiplication is more varied The differentiation 
should be sharplv made between the incubation period and the pro- 
dromal period 

Variations in clinical form lead to lesemhlances to many other tj^ies 
of infection It is not desirable to discuss such differences in this paper, 
but m order to emphasize the need for a careful clmical and bacteri- 
ological diagnosis, the disease, paratyphoid fever, may be said to present 
one of four general types 

1 That closely lesemhling typhoid fevei, this is most often due to B paia- 
typhosus A 

2 That closely resembling influenza of the abdominal type This may be due 
to B paratyphosus A or B or to mixed infections including these and B typhosus, 
as well as B para coh or B alcalxgenes 

3 That suggesting a general gastro-enteric inflammation with nausea and 
vomiting This is often diagnosed as ptomain poisoning and is due usually to one 
of the lower group members of the paratyphoid group 

4 That closely resembling dysentery, in which, however, B dysentenae is not 
found but most often B cnteritidis (Gaertiier) is recovered fiom the feces and 
the agglutination reaction confirms the findings According to the literature 
B paratyphosus B is almost as frequently the oCfending micro organism This 
type, too, IS often diagnosed as ptomain poisoning and almost as frequently 
“cholera morbus ” 

SOURCE 

In considering the source of infection it is often difficult to limit the 
discussion to the true paratyphoid forms There is no doubt from many 
observations which have been lecorded that the various members of the 
paratyphoid group come from the intestinal tracts of domestic animals 

B paratyphosus A — This micro-organism in water-supplies was first 
isolated and identified from the sprmg water of an Italian village by 
Paladino-Blandino® in 1903 However, Schottmuller“ ascribes six cases 

4 Holly, Fr Munchen med * Wchnschr , 1911, p 659 

5 Paladino-Blandim Ann d’lg sper, 1903, xv, 159 

6 Schottmuller Deutseli med Wchnschr, 1900, p 611, Ztschr f Hyg u 
Infectionskrankb , 1901, Bd xxxvi, MUnchen med Wchnschr, 1902, No 38 
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leported by bm up to 1901 to transinissioii by 'water. m 1909, 

■was successful in isolating the same form from running -water which was 
used as the source of domestic supply. There are no other records of 
its reco-^ery from drinkmg supplies 

Baermann and Eckersdoiff/ while studying eight cases, isolated cul- 
tures from the feces Harvey,® working alone, recovered the organism 
from the blood of eleven patients and many tunes from the feces, and 
later, working with Grattan^® in the study of two small outbreaks, 
recovered the organism from the blood of seven patients and traced the 
source of infection to a cook who had suffered with cholecystitis several 
months previously, and whose blood showed a positive agglutination with 
the organism recovered from the other patients Purjesz^^ isolated cul- 
tures from both feces and urine, and Aoki^® recovered the organism in 
almost pure culture from an abdominal abscess and the feces This 
patient was shown to be a carriei case and is so discussed by them 
Monnier and Eiberau^'^ report an mterestmg recovery with autopsy, 
showmg a positive agglutmation for B paratypliosus A in a dilution of 
1 to 200, negative to B paiatyphosus B The organism was recovered 
from the blood-stream, and on autopsy, was found in the spleen, livei 
and kidneys However, isomutoric tests were not made in this instance 

B Paratypliosus B — The identification of B paratyphosus B does 
not seem, to the present time, to be distmctly certain, and, m the review 
of the literature as presented, note is not made of the failure to differ- 
entiate sharply between this organism and B ententidis (Gaertner) 
The recent studies by Bainbndge would indicate that the particular 
strain of B paiatyphosus B recovered from cases of meat poisoning is 
entirely different from the true B paratyphosus B referred to in the 
studies of this article Bainbndge believes that all cases of meat poison- 
ing are really infections by B enteritidis (Gaertner) 

B paratyphosus B was first described by Achard and Bensuade’-^ in 
1896, and has been frequently recovered from the blood and dejecta of 
those ill with the disease. The first epidemic reported in the literature 
occurred in Saarbrucken,® Germany, in 1902, during which the bacillus 
was recovered from the feces in eighteen cases, and from the blood in 
four cases Smce that date many studies on organisms recovered from 

7 May Jour Roy Inst of Pub Health, 1909, xvii, 551 

8 Baermann and Eckersdorff . Berl klin Wchnschr , 1909, No 40 

9 Harvey Jour Roy Army Med Corps, 1910, xiv, No 4 

10 Grattan and Harvey Jour Roy Army Med Corps, 1911, xvi, No 1 

11 Purjesz Wien, klin Wchnschr , 1910, No 36, p 1284 

12 Aoki- Centrabl f Baktenol , 1 Orig 1910, Ivi, 110 

13 Monnier and Riberau Compt rend Soc de biol , 1910, Ixix, 151. 

14 Achard and Bensaude Bull et m6m Soc m6d d hop de Pans, 1896, 
xiii 820 
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water-supplies have been made Gaebtgens^® reports its isolation on thiee 
different occasions from a public water-supply, tbe source of wbidb was 
a stream supplying an Alsatian municipality In another instance, be 
recovered both B. 'paratypliosus B and B. alcaligenes fiom a fountain- 
supply 

Epidemics from mgestion of infected ice cieam have befen reported 
Prigge and Sacbs-Muke^° studied thirteen cases m one outbieak Liebe- 
trau^'^ reported an outbreak of nineteen cases of which three patients 
died, a nurse living m the home of a confectioner had nursed a para- 
typhoid patient Both the nurse and the confectioner’s helper showed a 
positive agglutination with B paratyphosus B, and the epidemic followed 
the ingestion of ice cream manufactured by the helper 

Popps^® reports paratyphosus B fevei followmg the ingestion of 
spoiled oysters, the diagnosis being based on positive agglutination with 
B typhosus and B pai atyphosus B , however, no othei studies were made 
and the organism was not lecoveied fiom the blood or feces Komg^” 
studied four patients who, while at a convention, ate raw ham and whose 
blood gave a positive reaction with P pai atyphosus B He later isolated 
the same organism from the ham Eriedrichs and 6ardiewski-° recovered 
a paratj^hoid-like organism from tripe It was not definitely identified 
Eommeler^^ recovered the organism from puddmg, sausage and tripe 
Prigge and Sachs-Muke,’-® in anothei instance, studied sixteen cases of 
paratyphoid fever, apparently mfected by roast swme However, there 
were no bacteriological studies Zimmerman^- recovered B paratyphosus 
B fiom one patient mfected from eating the meat of a previously sick 
goose, and also an epidemic of sixteen cases from eatmg the meat of 
three calves which had previously suffered from calves’ diarrhea Heme- 
mann^® and Heumann^^ studied forty-seven cases m Cassel and found 
that only those who had eaten meat from a certain butcher shop gave a 
positive agglutination reaction with B pai atyphosus B Eolly^ dupli- 
cated this experience in a study of 250 patients, all of whom suffered 
from a gastric form Heumaim^^ reports its recovery from the blood, 
and J ensen and Kock“® isolated a lypical form from the bone sinus of an 
old abscess 

15 Gaehtgens Arb a d k Gsndhtsamte, 1909, xxx, Part 3, p 610 

16 Prigge and Sachs-Muke Klin Jahrb , 1909, xxi 

17 Liebetrau Ztschr f med Beamte , 1910, No 2 

18 Popps, Fritz Munclien med Wchnschr, 1910, p 584 

19 Konig Centralbl f Bakteriol , Part 1, Orgl , 1909, 1 

20 Friedricbs and Gardiewski Centralbl f Bakteriol , Part 1, Orgl , 1909, 
h, 509 

21 Rommeler Centralbl f Bakteriol , Part 1, Orgl , 1909, li, 501 

22 Zimmerman Ztschr f med Beamte , 1910, No 3 

23 Heinemann Ztschr f med Beamte, 1911, Part 1, p 2 

24 Neumann Ztschr f med Beamte, 1911, Part 1, p 2 

25 densen and Kock Deutsch med Wchnschr, 1910, p 2196 
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The eYidenee that the organism exists in the intestinal tracts of 
domestic animals has been demonstrated in at least three mstances 
Schmidt"® and Conradi^^ recovered the organism from the feces of swine, 
and in 1911, Enediger^® recovered the organism from the feces of a dog 
A private commnnication has been recently received which reports the 
recovery of the organism from the feces of the domestic cat. This 
organism was properly identified by all of the accepted criteria 

While there is some confusion as to the proper identification of 
B pamtypliosus B, in those instances m which bacteriological identi- 
fication may be acceptable, organisms unquestionably belonging to the 
paratyphoid group have been recovered from the meat of calves, geese, 
swme, from sausage, ham, tripe, mince meat. Hamburger steak, from 
spoiled oysters, ice cream, public water-supplies and also from the mtes- 
tinal discharges of certam domestic animals; they have been recovered 
from blood, feces, urme, abdommal and periosteal abscesses, ovarian car- 
cinoma,-® m pyelonephritis associated with urmary calculi,^® and on 
autopsy, from the liver, spleen and kidneys of human beings With this 
extraordinary array of infectious- foci it is not to be regarded as curious 
that the cause of atypical forms of typhoid fever should be regarded by 
many writers as ubiquitous 


FEEQUEITCT 

The relative frequency of paratyphoid infections has been studied 
without definite conclusions. Gwyn^s®® case was the only one of 265 
which did not react positively with B typhosus Schottmuller® and 
Kurth,®® in their series of cases, found twelve which were negative to 
B typhosus, but reacted positively to B. paratyphosus Johnston®* 
studied four cases occurring during an epidemic of 194 cases of typhoid 
fever Hewlett®® found one m twenty-six cases Huhnermann,®® at 
Saarbrucken studied thirty-eight cases of paratyphoid infection and 
found no cases of typhoid infection Conradi®’^ established a diagnosis 
of paratyphoid fever m twenty-nine of 250 cases, otherwise diagnosed 
as typhoid fever 

26 Schmidt Munchen med Wchnsclir , 1911, p 563 

27 Conradi Klin Jahrb , 1909 , xxi, Part 2 

28 Euediger Bull Manila Med Soc , June, 1911 

29 Seiffert* Med klin Berlin , March, 1912, viii. No 9 

30 Spassokukozky Wein klin Wchnschr , March, xsv. No 13 

31 Hubener Deutsch med Wchnschr, 1910, p 70 

32 Gwyn Bull Johns Hopkins Hospital, 1898, p 54 

33 Kurth Deutsch med Wchnschr , 1901, p 501 

34 Johnston- Am Jour Med Sc , August, 1902 

35 Hewlett Am Jour Med Sc , August, 1902 

36 Hhhnermann. Ztschr f Hyg u Infectionskrankh , 1902, p 522 

37 Conradi Deutsch med Wchnschr , xxx. No 32 , Ztschr f Hyg u 
Infectionskrankh , 1903, p 141 
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In 1905, Fox,^® m Ins review of the hteiatme, found that the repoited 
cases at that time were approaching a bundled, the diagnosis of some 
hemg complete, while that of others was questionable The)'^ were, in 
jiart sporadic, in part small epidemics, and he measures the frequency 
of occurrence by the cases of apparent typhoid fcvei piesenting a negative 
Grubei-Widal reaction These, according to the Johns Hopkms Hospital 
report, amounted to 2 per cent of all cases, while Schottmuller’s® first 
study of sixty-nme cases of appaient typhoid fevei showed that 4 per 
cent weie paiatyphoid infections All cases studied were sporadic and 
were those regulaily admitted to the hospital fiom vaiious localities m 
which, so fai as is stated, the disease was not epidemic 

Pioescher and Eoddj'^,^® in 1910, in a leview of the literatme up to 
that date, attempted to separate lepoited known cases of parat}’phoid A 
from paratj'plioid B, and reported that m the Allegheny County Geneial 
Hospital, during 1908-09 ‘^ovei fift}' cases of paiat 3 ^phoid A, about 200 
cases of tjqihoid, hut not one cases of paratj'phoid B, were diagnosed ” 
According to this lepoit, 20 per cent of all apparent typhoids veie 
paratyphoid A mfections 

Ciiteria foi the proper identification of B pai aiypliosns A and B 
were followed in but few of the cases studied eaily (pnoi to the woik of 
Fox) Howevei, the measure of incidence of either pai atypliosus A oi 
paratypliosus B infections has not yet been deteimined, and its relative 
frequency will differ for every outbreak in which there is a mixed 
infection 

HISTORICAL 

IsjsLiN — ^Willie studying an outbieak of typhoid fevei m Iselinj 
Indiana Count}’’, during Februaiy, 1911, the atypical chnical course of 
cases which had been tentatively diagnosed by local physicians as typhoid 
fever and Asiatic cholera led to a somewhat restricted study of the blood 
of nineteen patients 

At the time it was impossible to secuie blood-cultuies and the agglu- 
tinating propel ties of the serum of the nineteen patients were studied 
with four members of the typho-colon group, viz , B typhosus B para- 
typliosvs, B pcuiacoh and B enteiiMis (Gaertnei) Seven agglutinated 
the B typhosus and twelve the B pai atyphosus B, and were negative to 
all other members of the gioup studied The leactions were studied in 
but one dilution and time period, namely, 1-50 for one houi 

Through a misunderstanding tlie feces were examined only foi the 
cholera vibrio,^® and for that leason no micio-oiganisms of the typho- 
colon group were recovered 

38 Fox Univ of Penn Med Bull , Apiil, 1905 

39 Proesclier and Roddy The Archives Int Med , 1910, v, 263 

40 Hetsch Klin Jalirb , 1907, xvi, p 187, has ohseived that cases of para- 
typhoid infection, accompanied ivitli severe diarihea, may be mistaken for Asiatic 
cholera 
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The twelve reacting with B pai aiypliosus B were, all but one, of the 
type diagnosed as ^^Asiatic choleia”, that one patient, instead of having 
dial rhea, showed marked constipation, subnoimal temperature, prostra- 
tion and death 

The mortality in this outbreak, in which there were clinically diag- 
nosed twenty-two cases of typhoid fever and thirty-one of paratyphoid 
fever, showed that four, or 12 5 per cent, of the latter resulted fatally, 
while in ten, or 45 per cent of the cases diagnosed as typhoid fever the 
patients did not lecovei However, it should he pointed out that in the 
majority of eases in which death occurred and where typhoid fever had 
been diagnosed clmically, the patients had been refeiied to a hospital 
where no serologic studies were made, and there is a possibility of error 
m these figuies The four cases of parathyphoid fever which lesulted 
fatally, had all been diagnosed serologically, as well as clinically 

Bethlehem — During the subsidence of an epidemic of bacillary 
dysentery in Bethlehem during September, 1911, a senes of eighteen 
eases weie studied The agglutination reaction of six of these was posi- 
tive with B typhosus only, one was positive with both B typhosus and 
B paiatyphosus B, while eleven agglutinated B pai atyphosus B only 
Negative reactions were obtained with B paiatyphosus A, B paiacoh, 
B eiitentidis (Gaertner), B suicida and B alcaligenes 

From the feces, m addition to the common forms, there were 
recovered B suicida, B entenUdw (Gaertner), B acidi lactici, and two 
strains described by Kruse as B vaiadoxus and B pseudotyphoid From 
the spring source of the public water-supply, which was the transmission 
agent causing the epidemic. B alcaligenes, B suicida, B acidi lactici, 
B coll commumoi and a dysentery foim {B Rosen) were recovered and 
identified in the usual way 

Two of the patients showing positive reactions to parathyphoid organ- 
isms died, a mortality of 16 6 per cent There were 102 cases of typhoid 
fever reported duimg the last four months of the year in which the 
eighteen cases studied were included The latter were the first to develop 
after an epidemic of djysentery^^ had passed its acme, and all showed 
atypical onsets and clinical courses Subsequent cases infected at the 
same tune gave a history of a longer prodromal stage and were t\ypical 
B typhosus infections 

Blaistdoh — In an outbreak of thirty-five cases in Blandon, Berks 
County^ durmg November and December, 1911, six atypical cases were 
studied The blood of one reacted with B paratyphosus A only, one 
with B typhosus, B pai a coli and B pai atyphosiis B, and foui with 
B typhosus only OC five micro-organisms recoveied from the feces of 

41 Hunt Join Am Med Assn , 1912, lix, 919 
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five cases, two proved to be B typhosus, one was identified as B para- 
typhosus A, one was B, paraiyphosus B and one B entenUdis (Gaertner) 
CoATESViLLE — One Ueb 11, 1912, 1 was assigned to visit Coatesville, 
Chester County, for the purpose of establishing a diagnosis. Ten cases 
were studied and a tentative diagnosis of typhoid fever was made m 
three cases, and of paratyphoid fever in seven cases 

An investigation of the conditions in Coatesville showed that in the 
practice of nine physicians there were 131 cases m which a diagnosis had 
not been definite, many of the physicians, however, suspecting that they 
were dealing with an atj^pical type of t 3 rphoid fever, none of the cases 
had been reported There are eighteen physicians in Coatesville, the 131 
cases occurring in the practice of 50 per cent 

Tacts which were knoivn to the state department of health, in con- 
nection with evidence collected on the same date showed that it was a 
water-borne mfection, and the definite source of pollution was found to 
be from human sewage, some of it from patients clinically diagnosed as 
havmg typhoid fever, in addition the water-supplies were found to be 
grossly polluted with sewage from domestic animals The history of a 
case of meat poisonmg or of paratyphoid fever could not be obtained at 
the polluting sources The gross pollution of the public water-supply 
occurred between Jan 19 and Jan 23, 1912 The earliest date of onset 
was January 19, 334 cases were reported as typhoid fever to the local 
board of health, the mortality of which was thirty-five, or 10 5 per cent , 
of those diagnosed serologically, the mortality was three, or 0 9 per cent , 
of these one reacted positively with B typhosus onty, one with B paia- 
typliosus A only, and one with B typhosus and B paraiyphosus A 

Studies of the water, feces and blood of seventy-six patients were 
immediately undertaken, because of the many atypical cases which 
occurred 

The water exammation showed the presence of large numbers of 
B paradoxus (Kruse), B coh commums and B cloacae Ko other 
members of the typho-colon group were recovered The three types 
recovered were taken from samples obtamed from the settling basm the 
borough water mains and Kewlm’s Eun, which was the polluted source 
of the epidemic 

Ko members of the typho-colon group were recovered from the few 
specimens of feces studied 

Blood-cultures were made, but with negative results Ko case could 
be found which did not show a positive serum reaction It is probable 
that the specific micro-organism had disappeared from the blood because 
of the presence of antibodies appearmg coincident with the formation 
of agglutmms 
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The seventy-six cases gave positive serum reactions in the following 
proportion : 

64 6 per cent were positive with B typhosus only 
25 7 per cent were positive with B paratyphosus B only 

9 9 per cent were positive with B paratyphosus A only 

9 9 per cent were positive with more than one group, members as follows 
1 4 per cent B typhosus and B paratyphosus A 

5 7 per cent B typhosus and B paratyphosus B 

1 4 per cent. B paratyphosus A and B para-coh 
1 4 per cent. B paratyphosus B and B para-coh 

It should he stated that these patients were selected at random (with 
reference to atypical characteristics) and were not chosen from any one 
group or type They represent cases with dates of onset from January 19 
to February 25, covering as wide a range as possible 

The dates of onset of the seventy-six cases are plotted m the accom- 
panying diagram. 



Agglutination reactions in the sera of seventy-six patients showing the rela- 
tion of positive reactions to dates of onsets of the disease 

It Will he observed that the curves representing the dates of onset of 
each group coincide to a very remarkable degree and would seem to 
indicate that the incubation period for the various members of the groups 
studied IS practically the same However, the prodromal stage, m all 
cases showing a reaction with more than one organism, and those givmg 
a reaction with B paratyphosus B only, was short and atypical, the 
onsets were abrupt. 

The serums of all cases, in addition to the above, were studied with 
B. enteriiidis (Gaertner), B smada, B dysenteriae (Shiga) and B 
Rosen The results were negative in every mstance except as given in 
the table 
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In ordei that we might have an aecmate idea as to the specificity 
of the reactions noted in this table, the agglutination reaction for each 
laboratory organism used was studied with seiums from supposedly 
healthy persons There was no agglutmation of any of the types studied 
in dilutions of 1-10, 1-20, 1-40, 1-80 and 1-100, evcept that in one person 
a slight tendence to clumping without loss of motility of B typhosus 
occuried in dilutions of 1-10 All control cultuies were decidedly motile 
after one hour’s obsenation 

The organisms used weie obtamed from the followmg sources B 
typhosus from the Philadelphia Bureau of Health Laboratory, B pam- 
typhosus A from the Laboiatory of Hygiene, University of Pennsylvania, 
B pai atyphosus B from the same source, but was obtained by them from 
Dr Cushmg of Boston, B paiacoli fiom Dr Buxton, B dyscntenae 
(Shiga) was obtained from the Laboratoiy of Hi^giene, University of 
Pennsylvania, B entenhchs (Gaertnei) from the same laboratory, B 
spicida was isolated fiom feces m the Chester dysenteiy^" outbreak m 
1910 by Herbert Pox and J B Pucker, Jr, while B Rosen was isolated 
from Bethlehem'*^ water and feces duiing Septembei, 1911, by Pucker 

SUJIilAEY 

To lecapitulate During the course of foui water-borne epidemics of 
typhoid fever, including 509 cases, 117, or 22 9 pei cent , presented 
atypical features, either during the onset or clinical couise 

Prom the feces of eleven patients, in addition to the common inhabi- 
tants of the gastro-intestmal tract, there were recovered B siuicida, B 
enteriUdis (Gaertnei), three times, B acidi lacUci, twice, B paradoxus 
(Kruse), twice, B pseudotyphosus (Kiuse), once, B typhosus, twice, 
B paratyphosus A, once, B pai atyphosus B, once, and B cloacae once 
Prom the water (m one epidemic) were lecovered B alcahgenes, B 
swcida, B acidi lacticv, B coh commumoi and a dysentery organism 
identified as one described by Posen m an epidemic of bacillary dysentery 
at Potterdam 


The agglutination reactions of the blood-serums from the 117 patients 
were studied in 1-50 dilutions and gave the following results during a 
period of one hour or less 



Micro-Organisms 

iSTumher 

Per cent 

B 

typhosus only 

54 

46 15 

B 

pai atyphosus A only 

9 

77 

B 

paratyphosus B only 

47 

40 2 

B 

typhosus A and B paratyphosus 

1 

0 86 

B 

typhosus and B pai atyphosus B 

2 

171 

B 

paratyphosus A and B paiacoh 

2 

171 

B 

paratyphosus B and B paracoli 

1 

0 86 

B 

iyphosus B, B paratyphosus B and 




B paracoli 

1 

0 86 



117 

100 00 


42 Report of Commissioner of Health, Pennsylvania, 1910 



G J HUNT 


75 


In considei ation of tlie foregoing, the following questions naturally 
suggest themselves 

1. Wliat relation does a negative agglutination with B typhosus bear 
to the presence of paratyphoid fever ^ 

3 What IS the influence of ^^roup’’ agglutmins^ 

3 How nearly specific is the Gruber-Widal reaction as practiced in 
the usual hospital and private laboratory service^ 

The answer to the first question depends on a number of factors and 
includes a consideration of the second question The proportion of 
negative reactions with B typhosus, as has been previously noted, is very 
low (accoiding to Tox,®® 0 4 per cent of proven cases) , the basis for 
estimation, however, was from cases, all of which were collected from 
the literature, and included but one outbreak of any magnitude (Saai- 
biucken), the origin of which was found to be in meat Ho watei -borne 
epidemic of any size which included a study of atypical cases has been 
leported, however, as Jordan^® suggests, both typhoid and paratyphoid 
fever may exist undifferentiated in the same epidemic, and the full extent 
of water infection for para cases is not fully recognized The proportion 
of negative results in the Coatesville epidemic seems to confirm this 
suggestion, since 38 4 per cent of eases were at all times negative with 
B typhosus 

TIME OF APPEAEAlSrCE 


Agglutinins in t 3 qihoid fever have been closely studied, they appear 
as early as the fifth day of disease, but may not appear until the fouith 
week, 01 even not until during the second month, various statements as 
to their time of appearance have been made by various observers A 
compilation of these observations resulted as follows In from 18 to 25 
pel cent of cases they appeared duiing the first week (i e , after the 
fifth day), 60 to 65 per cent during the second week, 80 to 90 per cent 
during the third, and upwards of 94 pei cent during the fourth and 
subsequent weeks Ho observations are recoided as to the appearance of 
agglutinins peculiar to paratyphoid infections Howevei, there is no 
reason to believe that the same proportional relation to time of appear- 
ance would be different fiom that found in typhoid fever 

In the Coatesville epidemic, agglutinins reacting positively with the 
inicio-organisms named in the following table were present on the days 
aftei onset as indicated 


Davs aftei onset 
fast obseived 
5 
9 

12 

13 

23 


Pat atjjpJiosus A 


Xumber of 
cases 
1 
2 
1 
2 
4 


43 Jordan Geneial Bacteriology 1911 
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' Paratyphosus B 

Days after onset Numbei of 

first observed cases 

6 1 

8 1 

9 2 

10 1 

11 1 

13 2 

14 3 

15 2 

18 , 4 

21 1 

22 2 

39 3 

Unstated 1 

B typhosus and B paratyphosus A 
5 1 

12 1 

B typhosus and B paratyphosus B 

17 1 

18 2 

19 1 

24 4 

B paiatyphosus A and B paracolt 

13 1 

B paratyphosus B and B paracolt 

14 1 


It seems justifiable to assume that the time of appearance of agglu- 
tinins m paratyphoid does not differ from typhoid fever 

SPEOIFICITT 

It IS possible that group agglutinins may account for some of the 
results obtained, but there are reasons for accepting the relative speci- 
ficity of the reactions recorded First, because the agglutmation reaction 
of a laboratory strain of B typhosus has been shown to be greater than 
for any related micro-organisms with which it has common or group 
agglutinins (such as B coh, B enteriUdis, B paratyphosus B ) , second, 
the power of a given serum to agglutmate B typhosus in high dilutions 
practically always will be accompanied by the power to agglutinate the 
related bacilli in a much lower dilution , that is, the specific agglutmins 
m B typhosus are usually fai m excess of the non-specific or 'group 
agglutinms , and, third, group agglutmms are less likely to be present in 
normal serums All studies reported in the liteiature have been made 
with immxme serums The variation of specific and group 

agglutinins has been noted, not only in bacteria biologically related, but 

44 Hiss and Zinsser Bacteriology, 1910 

45 Bimpau Mimcben nved Wcbnscbr , 1909, p 1843 

46 Wolff Centrabl f Bakteriol , 1899, xxv 
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also in different strains of the same organism.’^’ This variation, how- 
ever, in view of the fact that specific agglutinins are always far in 
excess of group agglutinins should not detract from the specificity of 
these observations. 

Jordan^^ points out the fact that the specific agglutinins produced by 
the two types of para-organisms, as those of B typhosus, are entirely 
different While Park^ states that because of the lack of absolute speci- 
ficity, the diagnosis of the t 3 ^e of infection or the absolute identification 
of the micro-organism can only be determined (through agglutmation or 
bacteriolytic tests) with a certain degree of accuracy 

Various criteria for determining the specificity of the infecting 
micro-organism have been suggested 

Pox®® states that “the best proof of the existence of a para-infection 
IS the isolation of the bacterium, the saturation test, and, last, the bac- 
tericidal action ” 

Mayer^® suggests the use of the Pfeiffer test (bactericidal) when 
there is a negative agglutination and at 3 rpical clinical course with 
recovery of B pai atyphosus B from the feces Libram^’’ emphasizes the 
value of the saturation test to differentiate infections by B typhosus and 
B Gaertnei . ISTeuman^^ relied in the diagnosis of sixty cases on the 
recovery of a micro-organism from the blood and positive agglutination. 
Kallmeyer^® reports one case in which he obtained a positive agglutination 
with B. pai atyphosus A in 1-40 and 1-60 dilutions, and negative reaction 
with B typhosus. 

Grimm^® states that the Giuber-Widal reaction in its mutual relations 
IS specific in the eaily stage, but believes that a single examination often 
fails to fix the diagnosis between typhoid and paratyphoid infections 
because of atypical reactions caused by preformed agglutinins. He states 
that the occasional determination in high dilution in normal human 
serums for paratj'^phoid fever shows just as little as the recovery of the 
bacillus from the feces 

Hiss‘‘^ decides that the specificity of reactions for practical purposes 
IS not destroyed if proper dilution is carried out, as the degree of agglu- 
tinin formation is always higher for the specific bacterium than for allied 
micro-organisms His diagnostic criteria would then depend on recovery 
of the bacillus and the study of immune serums. 

Park^ states that “the only reliable criteria for diagnosis” are negative 
reaction with B typhosus in a dilution of not less than 1-40 with a 
positive reaction to a paratyphoid bacillus the agglutinability of which 
IS known, or the recovery of a pai a form from the blood, urme or com- 
plicating mflammatory process 

47. Libram Ztsclir f Hyg u Infectionskrankh , 1909, Ixiv, Part 3, p 411 

48 Kallmeyer St Petersburg med Wchnsclir 1909, No 25 

49 Gnmm Centrabl f Bakteriol , Abt 1, Orgl , 1910, liv. Part 4, p 367 
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Erom these varied opinions it is difficult to conclude ivliat criteria aie 
acceptable As Jordan points out, the absorption of specific agglutinins 
with the homologous organism removes not only the specific, but also 
pait or all of the group agglutinins, and that hacteiia may even remove 
agglutinins which they have not produced and which do not visibly aftect 
them Hence, the use of Castellanfis test may lead to wrong conclusions 
unless high enough dilutions can he used to exclude all action of group 
agglutinins The use of this test to determine "mixed infections” may, 
for the same reasons, lead to false deductions 

There is reason to beliei e that the bactericidal power of serums bears 
no relation to the presence of agglutmins This has been apparently care- 
full}'^ worked out by the use of Pfeiller’s test and by studies on the 
relationship between bacteriolysins and agglutinins 

The recovery and absolute identification of the causative micro- 
organism IS of unquestionable value, especially when isolated from the 
blood-stieam That this can be done without elaborate technic is shown 
in the report of Schweinburg,°° who, while examining 139 specimens of 
blood collected for the agglutination reaction in the usual way, made 
cultures with the following results 


Week of 

No of 

Positn e 

Per 

Positn e 

Per 

Disease 

Cases 

Culture 

Cent 

Agglutination 

Cent 

1 

67 

65 

97 

57 

84 9 

2 

40 

32 

80 

36 

90 

3 

10 

5 

50 

8 

SO 

After third 

12 

Neg 


Neg 



In four specimens the organism isolated was identified as B pma- 
typhosus Aj in all others, B typJwsm (The tabulation is mine ) 

The recovery of B pai atyphosus A oi B from the dejecta seems less 
conclusive^” since a laiiety of non-pathogenic types are also recovered 
from the feces of a relatively large ntimbei of domestic animals and 
humans Given the presence of distinct clmical phenomena and the 
appearance of agglutmins in the blood-serums the recovery of an 
organism from the feces has the greater value 

LABORATOET USAGE 

The answer to the third question is found in the consideration of the 
CoatesviUe tabulations Practically but few laboratories do much more 
than study submitted specimens of blOod-serums with B typhosus, usually 
in low dilutions — 1-30 or 1-40 As a rule, however, the agglutination 
reaction of a laboratory stram of known agglutmability (as noted above) 
IS greater than for related micio-organisms, and there is no opportunity 
foi mter agglutination of a lower group member confusmg a positive 


50 Sch^semburg Wein klm Wchnscbr, 1910 No 9 
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diagnosis. It^ howevei, makes no pi o vision for a negative lesult in the 
possible instance of lower group infection We aie justified in assuming 
that the leactions as routinely piacticed in hospital and other laboratories 
aie only as specific as the presence of typhoid fever is in the cases 
examined, and hence theie is additional leason for detei mining the 
leaction in negative cases with membeis of the paratyphoid group 
Dining the past two years this work has been carried out in the labora- 
toiies of the Pennsylvania State ‘Department of Health, but only in 
epidemic work 

CONCLUSIONS 

These studies during the course of four epidemics mdicate that we 
were dealing with unusual and widely varied types It is probable that 
each type was specific, if Paik’s criteria aie acceptable The serums, 
collected at var^ung periods of from seven to thirty-seven days, studied 
in dilutions of 1-50 with known organisms for at least one hour, with as 
many as three studies in several cases, reacted only with the types 
lecorded, hence the specificity of the infecting bacilli as determined by 
these tests is probably accurate 

Many observeis express the opinion that the differentiation of paia- 
typhoid infections from tyjihoid fever is of importance only from an 
etiological standpoint It would appear that the differentiation has a 
much gi eater significance The role in transmission of the undiagnosed 
cases (as in the bacillus cairier) has not been statistically determined 
If in fifty-nine of 509 cases, or 11 5 per cent , of all patients, there is a 
constant negative Gruber-Widal, it is of gieatest importance to show the 
1 elation of this to some other and ^ust as serious infection 

The doubt of many piactitioners of the existence of atypical cases is 
moie pievalent than can be easily understood and is very apparent to the 
sanitarian, often to an uncomfortable extent, since he must secure results 
thiough the modus opetandi of legal procedure, or, at least of persua- 
sion, and the difficulties in diagnosis are reflected in the difficulties to 
secuie pioper reporting and supei vision 

The use of the agglutination leaction of the normal serum is the only 
laboratory method aiailable to the vast majoiity of general practitioners 
The leliance on this point is piactically absolute among the laige majority 
of physicians, and it is not cuiious when one lefers to clinical liteiature 
and teachings 

The results seem to indicate the following * 

1 The great laiiation of types of infecting micro-oigamsms 

2 Paratyphoid infections aie piobably endemic in Pennsylvania 

3 The importance of diffeientiating infections by types of the typho- 
colon groups 
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4 The importance of the infection of water-supplies from the fecal 
discharges of domestic animals as well as of human beings 

5 The suggestion that a mixed vaccine is of more importance than 
one of B typhosus only. 

I desire to express my very great appreciation to Dr Samuel G Dixon, 
Commissioner of Health, for this opportunity, to Dr Herbert Fox, J B 
Rucker, Jr, and Alexander Garcia for their laborious work, and to many phy- 
sicians in Iselin, Bethlehem and Coatesville, who made it possible to study their 
patients 



THE EESISTANCE OE EETICELATED EEYTHEOCYTES 


O H PERRY PEPPER, MD and MAX M PEET, ME 

PHILADELPHIA 

Ever since the recognition of the many mterestmg phenomena 
revealed by the application of the method of vital staining to the eryth- 
rocyte, hematologists have been endeavormg to derive from these findings 
facts of practical importance As each discovery was announced some 
significance was attached to it, and the hope was raised that thereby some 
light was to be shed on the etiology of blood-diseases oi on the vexed 
question of destiuction and regeneiation of the blood It is now almost 
twenty years since the erythrocyte began to be studied by this means, 
and during this time almost twenty varieties of intra-corpuscular phe- 
nomena have been demonstrated and a most voluminous literature has 
collected The ma3ority of these findings, however, have not as 5’’et been 
shown to be of any significance, many have been explained as merely 
artefacts and only a few are now considered worthy of mention in the 
newer works on hematology Also, unfortunately, much of the work has 
been described without correlation with previous reports, and this has 
led in some instances to the same finding being credited to different dis- 
coverers in different countiies, with, therefore, more than one name 
attached to it and often with the application of more than one signifi- 
cance. It IS remarkable, however, how little discussion of this subject 
appears in English or American medical literature, ’whereas French, 
German and Italian articles are numerous For these reasons the main 
points of the general subject are here reviewed somewhat in detail 

The one t3q)e of erythrocytic alteration demonstrable by vital staining 
which has been universally accepted as of importance is known variously 
as ^^skeined” or reticulated erythrocytes {Hematies granuleuses of the 
French) , the basic staining substance of which is often spoken of as the 
Eosin-Demel substance, after two of the early workers in this field, or as 
Fadenfoi imge suhstanz or Film masse of the Germans, Substantia gran- 
ulo-filamentosa, etc Briefly, it may be described as an intra-erythrocytic 
phenomenon, demonstrable only by vital stammg with a basic dye, occur- 
ring in a small percentage (0 5 per cent ) of the erythrocytes of normal 
blood and in much larger percentages in many pathologic conditions 
Its distinctive structuie is suggested by^ its various names and is quite 
variable , sometimes being only a few granules connected by fine threads, 

* From the John Herr Musser Department of Research Medicine, University 
of Pennsylvania 

•Submitted for publication !May 14, 1913 
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at other tunes a net-work of threads with many gianules, and again a 
thick ball-like tangle of threads Its appeal ance is always characteristic 
and it cannot be confused with any of the other basophilic changes m the 
erythrocytes It may be demonstrated either in wet vitally-stamed 
preparations or in vitally-stained preparations which have later been fixed 
and which may be counterstained with Giemsa’s or "Wright’s stain 

Although at first some investigators believed that this basophilic 
substance of the reticulated ei3’’throeytes was an indication of disease of 
the cell and others that it was due to begmnmg degeneration, the more 
recent opinion is almost unanimous that these skeins are only to be found 
in young erythrocytes and that an inciease in the number of reticulated 
cells IS evidence of unusual activity in blood production It is also gen- 
erally accepted that they are analogous to the polychiomatophilic cells of 
fixed preparations, but then i elation to the common basic granulations of 
fixed preparations is still a much mooted point 

A simple enumeration of the reticulated cells in various types of dis- 
ease has been repeatedly made and with quite uniform findings, but with 
results of little practical significance If it is tiue that these cells repre- 
sent j^oung cells and that then nurabei is an index of blood production, 
several interesting problems present themselves The two most obvious 
ones to which this method might be applied have, however, been but little 
studied In the first place the percentage of skemed forms might be 
employed as a means of estimating the therapeutic activity of hematmic 
medication or other therapeutic measures and this we aie at present 
undertaking in connection with the use of benzol in leukemia The 
second possible application is to the problems concerned with the attempt 
to interpret, as characteristic of young cells, the other alterations in the 
properties of the erythrocytes associated with the increase of reticulated 
forms Of these alterations the one in which we have been mterested is 
the increased resistance of the eiythrocjdes, under given conditions, to 
sodium chlorid hemolysis and the relation of this increased resistance to 
the percentage of reticulated forms present In other words, does the 
reticulated erythrocytes show increased oi decreased fragility as compared 
with the unreticulated cells of the same blood, and does this relationship 
exist in all conditions of altered hemolysis^ This problem is also con- 
cerned with the degree of hemolysis produced by the gradations between 
the maximum and minimum hemolysis and the type of cells affected 
By maximum resistance is meant that concentration of sodium chlorid 
in which complete hemolysis occurs, while by minimum resistance is 
meant the concentration of sodium chloiid solution m which the least 
discoloration of the fluid is preceptible Wliat degree of hemolysis is 
piodueed by the solutions of intermediate strength is known only in an 
indirect way through the percentage estimation of the hemoglobin con- 
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tent of the hemolytic solution, as compared mth the content of a similar 
amount of solution contaming the products of complete hemolysis of the 
same amount of corpuscles This method iras mtroduced hy Theobald 
Smith and Broim’- and later used by Gay “ 

A number of authors have assumed from the comcident alteiation in 
resistance and mcrease in reticulated forms that the former was depend- 
ent on the latter Such assumptions hare been made m almost all con- 
ditions that show both these alterations from the normal, and so theo- 
reticall}' has this been done that both increase and decrease of erythrocytic 
fragiht}’ hare been attributed to an increased presence of young skemed 
cells 

The increase of skeined foims in the newlv-hom infant is very marked 
and may reach 20 per cent Cathala and Daunay^ have attempted to 
'jIiow that the physiological mcrease of skems seen in the embryo and 
durmg the first few days of life is the explanation of the decrease of 
resistance of red cells observed by them at this time, hut they conclude 
that the two findings do not alter m proportion to each othei. On the 
other hand, some observers have noted an mcreased resistance of the 
fetal eridhrocytes which continues a short tune after birth 

The hst of pathological conditions in which an mcreased number of 
leticulated forms has been described is long, hut many of these conditions 
can be grouped together if the underlymg causative anemia is recognized 
Briefly, it may be said that all anemias, except those which have become 
aplastic through chronicitj* or lack of regenerative power of the bone- 
mairow, show an mcreased percentage of skemed forms Also it may be 
said that m almost every anemia there is an alteration m the resistance of 
the erythrocytes to sodium chlorid hemolysis and this alteration is almost 
constantly an mcrease of resistance more or less proportionate to the 
degree of anemia Here agam authors have assumed a relationship 
between the two phenomena, and especially so m secondary anemia, where 
both the resistance and the number of reticulated cells are, as a rule, 
increased Permcious anemia shows a similar state of affairs, and m this 
disease the presence of skems is of importance smce their disappearance 
is a strong argument, as has been emphasized by Yaquez^ for the diag- 
nosis of aplastic change of the bone-marrow. 

1 Smith Tlieohald and Brown H E The Resistance of the Eed Blood 
Corpuscles of the Horse to Salt Solutions of Different Tonicities before and after 
Repeated Withdrawals of Blood Jour Med Research 190G xv 425 

2 Gay Frederick P • The Function of Tonicity in Human Isohemagglutin- 
ation Jour Med Research, 1907-8 xvii 321 

3 Cathala, Y and Daunaw R Les hematics granuleuses la resistance 
globulaire J la naissance et pendant les premiers jours Compt Soc de biol 
1908, IxiT. SOI 

4 Vaquez IM H • Anemie et rCnoTation sanguine Bull et mem Soc med 
d hop de Pans 1907 xxiv 1532 
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The history of the development of this point of vievr is interesting 
In a case reported by Widal, Ahrami and Brule/ the patient suffered 
from an azotemic nephritis with intense anemia which resembled the 
apiastic type, but many skeins were present in the blood and no myelo- 
cytes , the fragility was normal At autopsy the bone-marrow gave every 
appearance of activity At the same time these mvestigators studied the 
effect of bleeding in animals and produced thereby an anemia with cells 
showing an mcreased number of skeins and an inci eased resistance to 
hemolysis At this result they were greatly surprised, for at the time 
the French school believed the “hematics granuleuses” to be diseased 
corpuscles and to have a lowered resistance They also, in another series® 
of experiments, produced an hemolytic anemia and observed that .the 
resistance became lowered before any ir crease of reticulated cells 
appeared, and that the tivo phenomena did not comcide, also, they 
observed that similar conditions may be seen in human cases, that is, 
that either phenomenon may occur without the other. The opinion of 
the French school that the reticulated forms are associated with decreased 
resistance to hemolysis was due to the observations of Chauffard and 
Fiessmger, who, while lookmg for some disease of the erythrocyte that 
would help to explam the increased fragility seen in congenital hemolytic 
jaundice, found that the blood in sucl; cases showed an enormous number 
of hematies gmnuUuses To these they attributed the decreased resist- 
ance and considered such cells as diseased corpuscles Their finding has 
been frequently confirmed, but not their interpretation ISTo one now 
believes the reticulation of the erythrocytes to be an evidence of cellular 
disease or of autolj'-sis as was believed by Feuille It is in these cases of 
so-called congenital or familial hemoljdic icterus that the highest counts 
of skeined corpuscles are seen, sometimes as many as 65 per cent of the 
erythrocytes showing this phenomenon 

Heinz,’’ in 1890, was the first to observe changes in the erythrocytes 
foUowmg the experimental injection of pyrodin, or phenyl-acetyl- 
hydrazin, a substance closely related to phenylhydrazme ’which is now 
more fiequently used in laboratory work The alterations which he 
observed and described are generally called, after him, the “B^emz 
bodies These bodies he demonstrated by vital staining with a fluid 
prepared by saturatmg a 0 6 per cent sodium chlorid solution with 
methyl violet Their appearance is that of small blue staining knobs at 
the periphery of the erythrocytes, one or two to a cell, and of about the 
^ \ 

5 Widal, F , Abrami, P , and Brul6, M Andmie grave mortelle cliez une 
bnghtique azotgmique Bull et mgm Soc m4d d bOp de Pans, 1907, xxiv, 1427 

6 Widal, P , Abrami, P , and Bruld M Plurality d’origine des ictferes 
hgmolytiques Bull et m6m d Soc mfid d bGp de Pans, 1907, xxiv, 1354 

7 Heinz, H Morpliologiscbe Veranderungen der rotben Blutkorpercben 
durcb Gifte Vircbows Arcb f path Anat , 1890, cvxii, 112 
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Size of a blood-platelet which, indeed, many authors have believed them 
to be. Heinz, however, considered them to be particles of necrotic pio- 
toplasm, and this view is most generally accepted. They have been 
found also to correspond to the ^hnclusion bodies” of Ehrlich,® which 
are seen in fixed preparations Many further investigations were earned 
out in experimental phenylhydrazine poisoning, and it was discovered 
that in addition to the production of Heinz bodies by this blood-poison 
there also occurred a gieat increase in the number of reticulated cells 
Later, Morawitz and Pratt® announced that m experimental phenylhy- 
drazme poisoning in the rabbit there occuired also a very marked increase 
of the resistance of the erythrocytes This increase is so great that after 
the fouith daily injection of 0 01 gm phenylhydrazin chlorid the eryth- 
rocytes are not completely hemolyzed even by distilled water This 
increase of resistance holds also for all types of hemolysins and is asso- 
ciated with the intense anemia which results from the injections of the 
poisons A further phenomenon in the blood in such toxic anemias was 
described by Itami and PratP® as an increase of stroma which they found 
went parallel to the increase of resistance Eosenthal,^^ however, found 
no such relationship, and believes that the increase of stroma should 
peihaps be consideied as analogous to cloudy swelling SuzukP® made an 
exhaustive study of the blood in phenylhydrazme-poisoned animals, and 
concludes that the heightened resistance is due not so much to a diffuse 
‘"'pachydei mie"' as to the formation and presence of Heinz bodies. Cells 
containing Heinz bodies he believes to be highly resistant in all test 
solutions and it is these cells which become larger, more volummous and 
moi e irregularly shaped the longer the poisoning lasts He came to this 
general conclusion as a result of studying the sediment of blood partially 
hemolyzed with 0.6 per cent, saponin By staining this sediment he 
obtained little else than an enormous mass of Heinz bodies with only an 
occasional shadow corpuscle In the sediment of a 10 per cent saponin 
solution he found nothing but well-preserved Hemz bodies In a similar 
way, Hartwick^® prepared his so-called pure culture of Heinz bodies for 
chemical study It does not seem probable that the persistence of these 

8 Ehrlich, P Kongress fur innere IMedizin, Leipzig, 1892 

9 Morawitz, P , and Pratt, J . Einige Beojiachtungen bei experimentellen 
Anamien Munch med Wchnschr , 1908, Iv, 1817 

10 Itami, S , and Pratt, J Ueher Veranderungen der Resistenz und der 
Stromata roter Blutkorperchen bei experimentellen Anamien Biochem Ztsclir , 
1909, xviii, 302 

11 Rosenthal, F Die sogenannte Pachydermie der Erytbrozyten bei 
Phenylhydrazinamie Folia haematol , 1910, Arch , x, 253 

12 Suzuki, T Weitere Beitrage zur Kenntnis der Erythrozytem eranderungen 
bei Pyrodinvergiftung Folia haematol , 1912, Arch , xiii, 225 

13 Hartwich, W Weitere Beitrage zur Kenntnis der Heinzschen Vergiftungs- 
korper {Ehrlichsche hameglobimmische Innenkorper) Folia haematol , 1012 
Arch , xiii, 257 
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bodies explains the apparent inci eased resistance of the eiythiocytes since 
the Heinz body is but a small portion of the cell and its persistence would 
in no way interfere with the hemolysis of the lemamder of the eryth- 
rocyte 

To summaiize In expeiiinental woik, a relationship has been assumed 
between the inci eased lesistance and the inciease of mtra-erythrocytic 
phenomena, ^ust as has been done in clinical types of anemia, but this 
has never been proved 

Direct attempts have been made in several ways to estimate how 
many and which cells are hemolyzed by the various degiees of hemolysis 
Snappei,^^ appaiently unfamiliai with the work of Smith and Broum,^ 
and Gay,^ attempted to leach some conclusion by estimating the amount 
of hemoglobin in solution in the various percentages of salt solution and 
reached the conclusion, on uliat giounds it is difficult to see, that the 
increased resistance in experimental anemia is due to young eiythrocyte^ 
and that it is proportionate to the degree of legeneiation In a rough 
way he attempts to draw numeiical relations, but fails to reach any 
positive finding Smith and Blown concluded that the facts concerning 
hemolysis do not permit the hypothesis that the younger eiythiocytes, 
as a group, aie either less oi moic resistant than the older cells, and that 
the theory most in harmony with the facts disavows any relationship 
between age of corpuscles and resistance to salt solutions Hor could 
they find any close correspondence between size of corpuscles and the 
resistance 

In a manner similai to that employed by Suzuki in his studies of 
Heinz bodies, a few investigations have been made of the sediment, in 
tubes of partial hemolysis, to determine the presence and percentage of 
reticulated forms Among the first reports of thrs nature was that of 
Chauffard and Biessinger,^“ who, in 1907, studied the reticulated cor- 
puscles at various stages of hemolysis and, contrary to their expectations, 
did not find them disappearing more quickly or more readily than the 
normal erythrocytes, in fact, the skeined forms seemed to persist longer 
Piessinger^® later confirmed these findings Sabrazes and Leuret^'^ also 
made obsei rations in a similar manner — on the blood of icteric infants 
which sometimes contained as many as 18 per cent of skeined forms — 
and found that the reticulated cells did show increased resistance 

14 Snapper, J Vergleicliende Untersuclrangen uber ]unge und alte rote 
Blutkoiperchen Biochem Ztsclir , 1912, xliii, 256 

15 Chauflfaid, A, and Piessinger, N Keclierclies experimentales sui les rap 
ports entre rhgmolyse et les hfimaties granuleuses Bull et m6m Soc ni6d d HOp 
cle Pans 1907, xxiv, 1367 

16 liessinger N CongrSs de m6d de Lyon, October, 1911 

17 Sabrazes, J , and Leuret, E Hematics granuleuses et polycbromatophilie 
dans I’lctere des nouveau-n6s Compt rend Soc de biol , 1908, Ixiv, 423 
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The most careful woik in this respect has been done by Eavenna/® 
who estimated the fi agility accoidmg to Hamburger’s technic and after 
staining the sediment made caieful counts of the peicentage of skeined 
foims found. These counts showed a marked increase over the percentage 
found in the unhemolyzed blood The counts were made both from fixed 
smears of the sediment after staining and from fresh-stained prepara- 
tions by the use of a counting pipet and chamber. By these two methods 
veiy nearly the same figures were obtained Counts were made from the 
sediment in three tubes, which he designated Ej, Eg, Eg, corresponding 
to the maximal, mediate and minimal degrees of hemolysis , for example, 
one blood showed the following figures In the sediment from the tube 
containing 0 5 per cent HaCl solution were found 3 per cent skeined 
forms, while from the tube containing 0 S2 per cent HaCl solution the 
sediment revealed 86 0 per cent of skeined corpuscles He obtained his 
highest increase by means of the pipet and counting chamber, in one 
blood tire isotonic tube showed 0 37 per cent of skeined forms, while a 
strongly hypotonic tube showed 71 9 per cent In all these experiments 
the stain used was biilliant cres 3 d-blue, and this was added directly to 
the hemolytic fluid, thus probably increasing its hemolytic power a little 
Eavenna concludes as the result of his findings that the corpuscle show- 
ing reticulation when vitally stained is the most resistant of all to hypo- 
tonic salt solutions, whereas the one showing granulations in fixed prep- 
arations IS much less resistant, and this is explained, since the latter is a 
degenerative form, whereas the former is a young cell offering evidence 
of regeneration 

Luzzato and Eavenna,^® a yeai later, used the same method in study- 
ing the autolysis of erythrocytes and found that the skeined forms are 
more resistant than many of the unskeined, but nevertheless when the 
skeined forms have all disappeared there are still a moderate number of 
unskeined forms not hemolyzed 

One of the difficulties in making accurate estimations in this work is 
the finding of large numbers of shadow corpuscles, even in the uppei 
stages of hemolysis, and whereas these unskeined shadows are often 
oieilooked, it is impossible to miss the skeined shadows with their bundle 
of dark-blue threads This fact is probabl}" very important and may 
1 eadily account for some of the results reported by careless ini estigatoi 'j, 
or by those who believe that such forms should be counted as unhemohved 
cellc "Wladimir Alexieff-® discussed this iheoieticalty and described the 

IS Ea\enna, F Sulla resistenza delle emazie granulose nelle soluzioni choro- 
sodiclie La-vori e rniste di clnmica e niicroscopia chnica 1909, i, 325 

19 Luzzatso A M and Ea^Gnna F Sue fenomeni di autolisi nelle emazie 
granuloce Folia clinica chemica et microscopica, 1910-11 in 53 

20 AlcMcff W Differences de structure et de signification des liCmaties 
irianuleiises et des Cr^ tliiocj tes ponctugs Areli d mal du coeur, etc, 1911 
n 552 
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phenomenon which he calls hemoglobinolysis, and -which he distmguished 
from hemolysis. He believes hemoglohinolysis occurs more readily in 
skeined forms, and he advances in explanation that these forms have a 
liquid protoplasm which more leaddy gives up its hemoglobin. It is to 
hemoglohmolysis of these cells that he attributes the jaundice of con- 
genital icterus and the prolonged stage of partial hemolysis seen in many 
hemolytic anemias. These hemoglohinolyzed forms thus persist with no 
further evidence of hemolysis and enter largely into the counts. As a 
result of an exhaustive study of the literature concerning reticulated 
corpuscles, only a small part of winch is here briefly abstracted, one gets 
the general impression that the reticulated erythrocytes are more resist- 
ant to hemolytic agents than the unreticulated ones, and that this is 
explicable by their being young forms It is, however, quickly discovered 
that few have made any careful attempts to investigate the matter and 
that except in Eavenna’s work scarcely any figures are quoted, and only 
very general statements are made 

We have had occasion in connection -with our study of reticulated 
erythrocytes to attempt to demonstrate an associated increased resistance, 
but we have not been able to do so with any degree of constancy In all 
our experiments, rabbits were employed and we have studied their bloody 
both before and after various degrees of anemia had been produced by 
repeated injections of phenylhydrazme hydrochlorid In the normal 
blood, the skeins were constantly present in less than 2 per cent of the 
cells, and the sediment of tubes with varying degrees of hemolysis failed 
to show an increased percentage of these forms In the anemic blood of 
the experimental animals, where the number of skeins was large (60 to 
70 per cent ), we quite often obtained a moderate increase of percentage 
of reticulated forms after hemolysis, but with no constancy, and never 
were we able to demonstrate any such enormous changes as those reported 
by Eavenna In these experiments we routinely used brilliant cresjd- 
blue as the vi-tal stain, although at times experimenting with other basic 
stains, and we applied this stain according to both methods used by 
Eavenna and also according to several minor modifications, but without 
effect In studymg the hemolysis in the rabbits poisoned with phenyl- 
hydrazine it was found that erythrocytic resistance was often so increased 
that a very low percentage of salt solution had to be employed to produce 
marked hemolysis, but no marked increase of skems in the sediment was 
ever seen Counts made from each tube of a series varying by mtervals 
of 0 05 per cent HaCl fiom above the point of beginning hemolysis to 
complete hemolysis often showed only the slightest and mconstant varia- 
tions At the lower end of such a senes the percentage of shadow forms 
containing skeins or of skeins with no remnant of corpuscles around them 
would often appear enormous, but it is certainly incorrect to speak of 
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such isolated skems, or even of skeins in shadows as being cells more 
resistant than the others The isolated skein is no more truly an evi- 
dence of resistance of the cell than the Heinz body Without going into 
our work any further it can be stated that by using all the means at our 
disposal we were unable to demonstrate any increase of resistance of the 
reticulated erythrocytes to hypotonic salt solution. Nor does it seem 
very reasonable that there should be any such increase when one consideis 
in what conditions an increase of skeined forms are seen It is true that 
in secondary anemias both resistance and skeins are increased, but this 
is not always the case in pernicious anemia, while m congenital icterus, 
the condition in which the number of skeins is most marked, not only 
does the increase of resistance fail, but a true decrease of resistance is 
demonstrable. Similarly there are conditions in which we see an altera- 
tion in one or the other, that is, an alteration of the number of the skeins 
or an alteration in the fragility of the erythrocytes, without any change 
from the normal in the other chaiactenstic of the cells It seems prob- 
able, therefore, that the reticulated erythioeytes show no constant increase 
or decrease of fragility as compared with the unreticulated erythioeytes 
of the same blood 

Theoretically, it may be advanced that as the skeined forms are the 
younger cells they will in a more marked degree show, or will be the first 
to show, the alteration of resistance which the erythroc 3 rtes are under- 
going in response to some stimulus, but whatever resistance they possess 
as reticulated forms will probably remain the same when they have 
become mature unieticulated forms 

smaiMAnT 

1 Of the intra-eiythrocytic phenomena demonstrated by vital stain- 
ing, that one known as reticulation of the erythrocytes is most important 

2 Eeticulation of the erythrocjde is an evidence of youth of the cell 

3 A study of the literature of this subject leads to the belief that 
reticulated erythioeytes show greater resistance to hemolytic agents than 
do unreticulated forms Ho consistent satisfactory proof of this has, 
however, been presented. 

4 Our own experiments have failed to demonstrate any constant 
difference between the resistance of the reticulated and non-reticulated 
eiythrocytes of rabbit's blood under normal and experimental conditions. 



SIMPLIFIED METHODS FOR QUANTITATIVE ESTIMATION 
OF CHLORIDS IN THE URINE 
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The piocess generally followed to determine the amount of chlorids 
in the mine is piecise It is, nevertheless, complicated and time- 
consummg, even for the operator m the clinical laboratory In addition, 
requiring the use of a buret, volumetric flask, voliimetiic pipets, filteis 
and porcelain dishes, it demands a quantity of calibrated apparatus, 
which makes the method almost inaccessible to the geneial practitionei 
The need of a simpler procedure, by which the usefulness of elilond 
estimations might be made general, was recognized in Europe some 
years ago Achard and Thomas,’- m France, and H Strauss," in Ger- 
many, have introduced short methods comparable to the technic of 
albumm determinations by the Esbach tube, which in their opinion 
greatly facilitate chlorid estimations without sacriflcing the degree of 
accuracy necessary for the diagnostic value of these analyses Little use, 
however, seems to have been made of then work, and no references to 
the repetition or confirmation of their results are available In order, 
therefore, to determine whether quantitative chlorid determinations can 
be made by methods which promise much in convenience, while losing 
little in precision, I have carried out, under the direction of Di Guthrie, 
the following studies of the methods and instruments of the authois 
mentioned above 

The two chief piocesses in use foi the quantitative estimation of the 
chlorids in the urine are the Volhard® method and the method of Mohr 
On the former, the simplified method of Strauss is based, on the latter, 
the method of Achard and Thomas The former of these will be 
described first, tearing the latter to be considered in the description of 
the rvoik of Achard and Thomas 

^Erom the Clinical Laboratory of the Johns Hopkins Umveisity and Hos- 
pital, Baltimoie, Md 

“ Submitted for publication May 6 1913 

1 Achard Ch , and Thomas, L Bull et m6m Soc mgd d h6p de Pans, 
1912, XIX, 596 

2 Strauss, H Praktische Winke fur die chlorarme Ernahrung, Berlin, 1910 

3 Volhard Jour f prakt Chem , 1874, ix, 217 

4 jNIohr Lehrbuch der Titriimethode , 1862, p 317 
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FILTRATION TO REMOVE SILVER CHLORID UNNECESSARY 

The Volhard^ method, as modified by DrechseP and applied to the 
111 me by Talk® and Arnold/ consists in the precipitation of the chlorids 
b}^ an excess of a standardized solution of silver nitrate, the removal of 
the silver chlorid by filtration and the titration of the excess of silver 
nitrate with ammonium thiocyanate, using an iron salt as an indicator 
This method, modified only as regards the strength of the solutions 
employed, later was applied to gastric and uiinary analysis by Luttke 
and Martins ® The Luttke-Maitius method is the one used in this 
laboiatoi}* and has been the one employed in these experiments While 
this method is accurate, it demands a considerable amount of calibrated 
apparatus, and requiies more than tlnrty minutes for duplicate deter- 
minations The oiigmal Volhard method, however, could be earned out 
more lapidly than this, as it did not mclude the lemoval of the silver 
chlorid by filtration, the titration with ammonium thiocyanate being 
done in its presence In using this method, Drechsel,® and moie recently 
Piosanoff and Hill,® found difficulty with the end-point, due, they thought, 
to a reaction between the silvei chlorid and the ammonium thiocyanate 
To obviate this, Diechsel introduced the step of filtration, which has 
since been incoiporated in this method and its modification by Luttke 
and Martins As the omission of the i emoval of the silver chlorid is one 
of the means employed by Strauss in simplifying this technic, it becomes 
important to determine whether this step has any mfiuence on the results 
of the titration A^olhard^® subsequently showed the error in Diechseks 
criticism, and Goodall,^^ recently, in a study of sixty urines of widely 
varying chlorid content, has found that the original Volhard is as 
accurate as the Volhard modified by 'the filtration step Haivey^^ has 
reached a similar conclusion from numerous experiments on the reaction 
between these solutions He has found that in the Volhard method the 
precipitated silver chlorid does not> leact with the ammonium thioc3’^anate 
while an excess of silver nitiate is present, and further, that after the 
excess of silver has been removed, the reaction between the silver chlorid 
and the thiocyanate is markedly retarded by the presence, first, of the 
feme salt, and secondly, by the excess of nitiic acid in which the silver 
nitrate is dissolved To verify this point, I made the determinations 
shown in Table 1 

5 Diechsel, E Joui f piakt Chem , 1877, 191 

G Falk, A Benchte d deutsch chem Gesellsch , 1875, viii, 12 

7 Arnold, C Arch f d ges Physiol , 1885, xxxv, 541 

8 Luttke and Martins, F Die Magensaure des Menschen, Stuttgait, 1892 
(Quoted by Strauss and olheis ) 

9 Eosanoflf and Hill Jour Am Chem Soc , 1907, xxix, 269 

10 Volhard Liebig’s Ann , 1877, cxc, 1 

11 Goodall, H W Boston Med and Surg Joui 1909, civ, 304 

12 Harvey, S C The Archives Ikt Med , 1910f, vi, 12 
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TABLE 1 — Chlorid Determinations by Luttke-Martius IMethop 


Urine 

AgCl Bemoved by 
Filtration 

AgCl Present 

Difference 
in Grams 

Gm NaCl 
in 100 c c 

Average 

Gm NaCl 
in 100 c c 

Ai eragc j 

I ' 

0 G7860 


0 67800 




0 67860 

0 67800 

0 078015 

0 678307 

0 00293 

II 

0 3888025 


0 390195 


0 0013925 

III 

0 8541 


0 857025 

1 


0 002925 


The results sumniarized m Table 1 show that filtration to remove the 
silver chlorid is not necessaiy under the conditions outlmed above As 
will be seen later, the factois in the analysis by the Strauss method are 
exactly similar to these 


LUTTKE-MAUTIUS METHOD 

As the Volhard, and theiefore the Luttke-Martius, method has been 
proved accurate, the lesults obtained by the Luttke-Martius proceduie 
have been taken as the standard for gauging the accuracy of the other 
methods tested in these studies This method, differing from its proto- 
type only in the strength of the solution employed, is based on the 
precipitation of chlorids by silver nitrate, and the titiation of the excess 
of silvei nitrate by ammonium thiocyanate, using an non salt as an 
indicator Two standardized solutions are required 

1 WIO AgNO, — an acid solution containing iron ammonium alum One 
cubic centimeter of tins standardized solution will precipitate 0 00585 gm NaCl 

2 N/10 15 ^ 480 ^ — containing 7 G gms of ammonium thiocyanate to the 
liter of solution 

The preparation of these standard solutions will be described in 
detail in the consideiation of the Strauss method 

To make a determination by this method, the procedure is as follows 

By means of a volumetric pipet, 10 c c of urine are placed in a 100 c c 
volumetric flask To this are added 20 cc of N/10 AgNOg from a volumetric 
pipet This mixture is shaken gently and allowed to stand for five minutes, 
until the precipitation of chlorids is complete Distilled water is then 
poured into the flask, filling it to the 100 mark The flask is stoppered, shaken 
well, and allowed to stand for a few minutes If a reddish color appears in the 
mixtuie, as is nearly always the case wuth highly colored febrile urines, this 
is cleaied by adding three or four drops of a solution of potassium permanganate 
The mixture is filtered to remove the silver chlorid Then, 50 c c of the filtrate 
are put into an evaporating dish by means of a volumetric pipet, and into this 
N/10 NH 4 SCN IS allowed to run, drop by drop, from a buret At first, a brown 
color appears, due to the formation of ferncyanate But in the presence of an 
excess of silver nitrate this immediately disappears, giving place to a bluish 
white precipitate of silver cyanate The titration is continued until a permanent 
reddish brown color appears in the fluid This color, due to the formation of 
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ferncyanate, occurs permanently when all of the silver has been precipitated. 
The reading of the buret at this point denotes the excess of silver in 50 c c , 
or half of the amount of fluid in the flask This figure, therefore, must be multi- 
plied by two in order to obtain the amount of the silver in excess in the total 
volume of the mixture From this the chlorid content is calculated as follows. 
For example 

Buret reading shows 6 c c N/10 NH^SCN used 

Therefore 6 x 2 = 12 = excess of silver in total mixture Then 20 c c 
N/lOAgNOs less 12 = 8 = cc of silver solution required to precipitate all 
chlorids in 10 c c of urine, and 8x0 00585 = 0 0468 = gm of NaCl in 10 c c 
urine If the total output of the urine examined were 1 liter, then the total 
chlorids would be 4 68 gm per 1,000 c c 

The amount of silver here employed is capable of indicating at most 11 7 
grams of chlorids per liter Urine, found by a preliminary test to contain more 
chlorids than this, must be diluted, or a larger quantity of silver nitrate may 
be added, before the analysis can be made 



Fig 1 — Strauss chloi idometei 
THE STRAUSS METHOD 

The chief simplification of this process has been introduced by Prof 
H Strauss- of Berlin He has condensed into a smgle tube^® all of the 
necessary calibrated apparatus, and claims simplicity together with suffi- 
cient clinical accuracy for his method of chlorid determmations The 
author has not formally published the results which he has obtamed by 
the use of this instiument, but in a letter has written me that he has been 
usmg it for some time with satisfaction The method is simply the 
Luttke-Martius process done in one piece of apparatus The filtration 

13 The Strauss Chloridometer is manufactured by Paul Altmann of Berlin. 
Price 2 50 marks 
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to lemove the piecipitate of silvei clilond — a step already shown to be 
■unnecessary — ^is omitted 

The Strauss instiument, shown in Tigure 1, is a glass tube 20 cm 
long and 2 cm in diameter Its lower end is hioadened into a base, too 
small, however, to steady effectually the long cylmdei The upper end 
is fitted with a ground-glass stoppei Its hariel is calibrated with the 
marks shown in the figure, to indicate the volumes of silver nitiate 
solution and of urine to be placed in the tube Above the mark for the 
uime, the tube bears a scale reading in 0 5 gm fiom 11 gm to 0 5 gm 
These scale marks indicate grams per liter Urine containing moie than 
11 gm of chlorids per liter must he diluted before being anal 3 'zed by 
this method 

Foi the purpose of the analysis, two standardized solutions^* aie requiied 

1 N/10 AgNOa ( Luttke-Martius’ silvei solution) 

This solution contains 16 9GG gm of silver nitrate to the liter Ice of tliip 
solution will precipitate 0 00585 gm IfaCI It is piepared as follows 

17 5 gm AglSTO, 

900 cc HNOa (25 per cent ) 

50 c c iron ammonium alum, a cold satui ated solution, which is about 
a 10 ' per cent solution 
Distilled HjO to 1,000 c c 

An excess of silvei nitrate is used because the salt is somewhat hygroscopic 
and hence the true amount of silver nitrate is not indicated by the weight of 
the substance This solution is standardized in the usual way by titiation against 
known normal hydrochloric acid, the iron salt in tlie solution acting as an 
indicator Thus, 20 c c of the silver nitrate solution are added to 20 c c of 
known tenth normal hydrochloric acid A solution of ammonium thiocyanate 
IS added to this, and the silver solution adpisted until the end-point, or brownish 
red color, is given on the addition of a very small drop of the thiocyanate The 
solution, as made up, will have to be diluted in the process of standardization 
This dilution is done by adding a special fluid containing seven parts of distilled 
water, 2 5 parts of concentrated nitric acid, and 0 5 parts of a 10 per cent solu- 
tion of iron ammonium alum In this way, as has been shown, the factors neces- 
sary for a sharp end-point are provided When kept in a brown bottle, away 
from the light, this solution remains constant in strength foi a long time 

2 ]Sr/20 NIDSCN (3 8 gm NH 4 SCN per litei ) 

This solution is one-half the strength of the ammonium thiocyanate of the 
Luttke Martius method Its greater dilution allows a scale of longer intervals 
to be marked on the tube It is prepared by dissolving 4 gm NHiSCN in 1,000 
c c of distilled water Then, by titration with the standardized solution of silver 
nitrate, in which the iron salt acts as an indicator, it is adjusted by dilution, 
with watei or the addition of more of the thiocyanate, as indicated, so that 

2 cc N/ 20 ]m 4 SCN = l cc N/IO AgNO, 

In order to make a chlorid estimation with the Strauss instrument, 
N/lOAgNOs (Luttke Martius’ silver solution) is placed in the tube until the 
bottom of the meniscus corresponds to the mark A Urine is added until the 
mark U is reached These fluids are mixed by gently inverting the tube several 


14 Prof Strauss writes that he has been using such solutions as these pre- 
pared by Kahlbaum, and he has found them satisfactoiy They are prepared 
also by pharmaceutical houses in this country 
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times Shaking, -nhicli causes the formation of bubbles, must be avoided The 
tube is then allowed to stand foi five minutes If a reddish color develop in the 
mixture, as occurs with all but pale uiines, 3 diops of a 10 per cent solution of 
potassium peimaiiganate aie added This decolorizes the fluid and the amount 
of potassium peimanganate does not maikedly laise the level of the fluid in the 
tube In any case, allowance for the increase in the fluid may be made when 
the scale is lead at the end of the titration After five minutes, N/20 NHjSCN 
is lun giadually into the tube by means of a buret, pipet, or through a siphon 
fiom a bottle of the solution on a shelf After each addition of the ammonium 
thiocyanate, the tube is inverted several times gently As in the case of the 
Luttke-hlartius’ titration, the reddish brown color which appears at first, imme- 
diately disappears as long as an excess of silver is present The addition of 
ammonium thiocyanate is continued until a definite, permanent reddish-brown 
color in the fluid is obtained This end-point, with solutions made up as pre- 
scribed, IS sharp and lasting It may be appreciated most readily by holding 
the tube against a Avliite background It is well to obtain a good reddish-brown 
color, for a drop or so of the thiocyanate makes little difference in the scale read- 
ings, but a great deal of difference in the intensity of the color When the 
titration is complete the amount of the chlorids in giams per htei is read off 
from the scale 

Expel iments to test tlie acciuacj’’ of these instruments, and of the 
method, were carried out along the following lines 

(a) tests of the calibrations of the tube, 

(b) estimations of chlorids in aqueous solutions, 

(c) estimations of the chlorids in normal urine, 

(d) estimation of the chlorids in urines containing albumin 

In all titrations, results obtained the Luttke-Maitius method, weie 
taken as the absolute for comparison 

(a) Cahhation of Stiauss Tubes — The volumes contained between 
the various marks on Strauss tubes should be as follows Erom bottom 
of tube to the mark A, 10 c c , from A to U, 5 c c , from U to 11, 1 3 c c , 
and between every mark thereafter on the scale, 0 9 c c The calibration 
of the SIX tubes imported by this laboratory was tested by comparison 
with the readings of a standardized buiet. By this test, none of the tubes 
was found to be perfectly accurate In some the errors were greater 
than in others, a discrepancy of as much as 0 2 c c between the tube- 
volumes and the absolute scale being noted. As a lule, however, the A 
and U volumes were found to be in the proper relation The tubes are 
put out uncorrected and unaccompanied by any guarantee of accuracy 
These errors of workmanship, which, on the whole, are not very large, 
are therefore to be expected They do not detract from the value of the 
tube as a clinical instrument 

(b) Estimation of Ghlonds in Aqueous Solutions — Solutions con- 
taining sodium chlorid m amounts corresponding to all of the gradations 
on the apparatus were analyzed The results of these determmations 
with the SIX Strauss tubes are presented in Table 2 
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TABLE 2 — ^Estimation of Chlobids in Aqueotis Soltttion bt Strauss’ 
Method Compared with LiJTTKE-MARTitrs’ Method 


Grams NaCl per liter by 


Liittke-Martius’ 

Strauss 

Method 

lubel 



Tube 4 

Tube 6 

Tube 6 

05 

06 

03 

03 ' 

05 

03 

06 

1228 

1 3 

1 5 1 

1 6 

16 

13 

14 

1638 

1 8 

2 05 

2 

2 

1 8 

2 

2106 

2 1 

21 

25 

2 1 

2 1 

1 0 

2 574 

26 

29 

27 


27 

3 

3 270 

35 

34 

35 j 

35 

35 

32 

3 627 

1 39 

1 37 

37 ! 

3 6 

3 55 

36 

3 9963 

4 

4 05 

4 05 

4 05 1 

4 

44 

4 797 

1 4 75 

1 4 75 

5 

4 75 1 

5 

4 75 

6 0885 

49 

5 1 

5 06 

6 02 

61 

6 

5 5867 

5 6 

57 

58 

58 

57 

59 

6 101 

6 05 

6 1 

6 

6 1 

6 

6 

6 5227 

6 75 

65 

66 

66 

66 

66 

7 254 

7 1 

76 

75 

76 

72 

7 1 

7 605 

7 55 

76 

7 55 

7 55 

78 

78 

81607 

8 1 

8 1 

8 15 

7 8 

82 

8 

8 5702 

86 

87 

87 

1 86 

86 

1 88 

9 0967 

94 1 

96 

93 

9 1 

94 

95 

9 5355 

9 55 

98 

9 55 

95 

96 

10 

10 2667 

10 

10 2 

10 5 

10 6 

10 2 

1 10 5 

10 764 

11 

10 7 

11 

10 8 

10 7 

10 9 

11 0565 

11 1 1 

1 

11 1 

112 

114 

1105 

11 3 

Max difference from 



i 




Luttke-Martius 


0 403 


0 3436 

0 3033 

0 426 

Min difference 


0 001 



0 0047 

0 0115 

Average difference 


0 202 



0 164 

0 2187 


It IS shown by this table that the results obtained by the Strauss 
method are somewhat at variance with the Luttke-Martius determma- 
tions and also exhibit discrepancies between the different tubes The 
greatest variation from the absolute (Luttke-Martius) standard for any 
amount of chlorids was 0 436 gm per liter , the smallest was 0 The 
average of these variations was approximately 0 3 gm per liter In 
nearly all cases the tubes indicated amounts too high These discrep- 
ancies must be attributed to the errors in the calibration of the tubes 
and to the experimental error m reading the buret Eeadmgs of approxi- 
mately equal accuracy were obtained from all regions of the scale 

(c) Estimation of OJilond in Normal Vi me — Hormal urmes of 
varymg chlorid content were analyzed by the Luttke-Martius and Strauss 
methods The results of these tests are summarized in Table 3 
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The results of these titrations of the chlorids in urine, even more 
than those of chlorids in aqueous solution, exhibit the satisfactory 
accuracy of the Strauss method. In this series (Table 3), the largest 
disci epancy between the Strauss estimation and the Luttke-Martms was 
0 349 gm per liter, and this occurred in analyzing a urine containing 
more than 11 gm of chlorids per liter This reading was an approximate 
one, as the fluid in the tube was below the last scale mark Even with 
this, however, the aveiage mean of error was 0 1343 gm per liter While 
this error would be very laige in a purely chemical analysis, it is neg- 
ligible in a clinical estimation On these results, therefore, it may be 
concluded that the Strauss method applied to the noimal urine is amply 
accurate to serve as a basis for clinical diagnosis 


TABLE 3 — Stkauss Tube Estimation of Ciiloeids of ISTormal Urine 


Method 


Grams NaCl 

per Liter 


Luttke-Martnis’ 

2 0475 ' 

4 9725 

! 

6 903 

7 722 

9 716 

11 349 

Strauss — 







Tube 1 

2 05 

48 

69 

78 

95 

11 5 

Tube 2 

2 1 

47 

7 1 

76 

9 8 1 

115 

Tube 3 

2 


60 


9 8 

11 1 

Tube 4 

1 9 




9 6 

11 

Tube 5 


5 

7 05 


97 

11 5 

Tube 6 


5 



98 

115 

MaN difference 


0 2725 


0 122 


19 

Min difference 


0 0275 


0 022 



Mean difference 


0 15 

■ 

0 072 

i 

1 0 1165 1 

m 


Several of the urines in the above series were so highly pigmented 
that their color interfered with the sharp appearance of the end-point 
They were, however, readily decoloiized by adding three or four drops of 
a 10 per cent solution of potassium peimanganate to the mixture in the 
tube a few minutes befoie titration As a rule, the color which develops 
while the urine stands in contact with the strongly acid silver nitrate 
solution IS made sufficiently pale by dilution from the subsequent addition 
of the ammonium thiocyanate But even in normal urine this color may 
obscure the end-point It is well, therefore, whenever working with a 
urine of a deep yellow color to decolorize the mixture in the tube bj 
adding a few diops of the solution of potassium permanganate Wliat- 
ever increase in the level of the fluid in the tube is caused by this may 
be discounted in reading the scale The advantage of a much more 
distinct end-point is gamed by this step 

(d) JEsUmaUon of Chlorids in Albuminous Urines — Although 
Arnold,'^ in estimating the chlorids in a variety of fluids — milk, blood- 
serum and urines containing albumin — showed that the presence of 
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piotein in the fluid under analysis did not interfeie with the accuiacy 
of the Volhard method, it was considered well to repeat some of his woik 
and to determme whether the Strauss procedure would be disturbed by 
the presence of protein It is conceivable that some of the silvei of the 
hr/10 silver nitrate solution might become bound to the albumin, forming 
a silver albuminate, and thus be unavailable in the titration To test 
this point solutions of chloi id-free protein of varying concentration were 
added to normal urme of known chlorid-content and of constant volume, 
and the resulting mixture was titrated as in the foregomg expeiiments 
The salt-free protem was obtained from blood-serum by dialyzing the 
serum agamst changes of distilled water until the water around the 
dialyzing sac no longer gave a cloudiness with silver nitrate, and the 
protein in the sac began to precipitate In this way, solutions of protein 
were prepared containing from 0 7 to 30 gm of protein per liter 
(Tsuchiya) These solutions were shown to be salt-free by Luttke- 
Martius determinations "When 10 c c of the piotein solution were added 
to 20 c c hT/lO AgNOa, and the mixture titrated for the excess of silvei, 
the result was found to correspond exactly with what was obtained when 
those amounts of the standard solutions were titrated The solutions 
balanced 

In these tests, however, a heavy yellowish precipitate was formed 
when the protein was added to the strongly acid silver solution This 
precipitate interfered with the analysis only by its bulkiness, when more 
than 30 gm of protein per liter were present, but it did not at all 
disturb the balanced reaction between the standardized silver nitrate and 
ammonium thiocyanate The results of a series of titrations with urines 
containing proteins are given in Table 4 

Erom Table 4 it is evident that in the time in which the analysis is 
performed, none of the silver of the standardized solution becomes bound 
to the protem in such a manner as to render it unavailable foi the titra- 
tion This table shows that the greatest discrepancy between the Luttke- 
Martius and Strauss results was 0 343 gm of chlorids per liter, and that 
this occurred only in the analysis of the urine containing 27 gm of 
protein per 1,000 c c An error as large as this was to be expected from 
the previous experiments with protem-fiee urine But as regards the 
precipitation of the silver in combination with the protein, the most 
significant fact is that chloridometry by the Luttke-Martius method on 
equal quantities of the same urme, free fiom or containing protem, gives 
exactly equal results Thus by these analyses of urme rendered arti- 
ficially pathological under controllable conditions, it is shown that the 
presence of protem m amounts up to 27 gm per liter does not interfere 
with the accuracy of the Strauss method 
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TABLE 4 — Strauss Tubes with Albuminous Urines 


URINE A 


Tests 

25 c c Normal 
Urine 

50 c c Watei 

25 c c Same Urine 
50 c c Protein A 

Same Mixtuie 
Piotein Removed 
Vol Not Restored 

Heat and acetic ' 

1 

0 

+ 

0 

Tsucliiya 


$0 7 


Luttke-Martms 

T4 446 

4 446 

4 5045 

Strauss — 

Tube 1 

42 

42 

45 

Tube 2 

45 

43 

45 


URINE B 


Tests 

1 

50 c c Uiine. 

50 c c HjO 

! 50 c c Same Urine 
50 c c Protein B 

Same Mixture 
Protein Removed 
Vol NotRestoied 

Heat and acetic 

0 

4- ^ 

0 

Tsuchiya 

i 1 

I 

1 4 1 


Luttke-Martius 

5 7330 ■ 

5 7330 

5 9670 

Strauss — 




Tube 1 

5 6 

57 

6 

Tube 2 

5 7 

5 6 ! 

6 05 


URINE C 


Tests 

25 c c Urine 

50 c c HoO 

25 c c Urine 

50 c c Protein C 

Same Mixture 
Protein Removed 
Vol Not Restored 

Heat and acetic 

0 

+ 

1 0 

Tsuchiya 

1 0 

1 

0 

Luttke-Martius 

5 2065 

5 265 

5 3235 

Strauss — 




Tube 1 

^ 5 1 

5 05 


Tube 2 

52 

52 



URINE D 


Tests 

10 c c Urine 

90 c c HoO 

10 c c Urine 

90 c c Protein D ' 

Same Mixture 
Protein Removed 
Vol Restored 

Heat and acetic 

1 

1 0 

+ 

0 

Tsuchiya 


27 

0 

Luttke-Martius 

2 6910 

2 6432 

2 2113 

Strauss — 




Tube 1 

2 8 

2 3 i 

23 

Tube 2 

1 

i 

26 

25 ' 

23 


^ Not done 

T Chlonds expressed in giams pei litei 
t Protein expressed in grains per liter 
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A source of large erroi was introduced when the protein was removed 
from the urine by heat, acetic acid and filtration The results of titiation 
made after this manipulation are shown in the third column of Table 4 
When the estimations are made on the filtrate not restored to the origmal 
volume, the amount of chlorids found is too high But when the analyses 
are made on the filtrate restored to its original volume by the addition 
of water, the amounts are too low The loss of water by evaporation, the 
carrying down or mechanical 'docking up^ of chloiids by the heavy 
precipitate of protein cannot be compensated for by dilution It is 
better, therefore, to make the titrations directly in the presence of the 
protein contamed in albuminous urine 

On the basis of the numerous tests described above it may be con- 
cluded that the Strauss method is an improvement on the usual methods 
for determming chlorids From a clinical standpoint it is a simple, rapid 
and suflSciently accurate method for determining chlorids in both normal 
and pathological urine. 

GHLOEIDOMETEY IN' GEADUATED CTLINDEES BY STEAUSS METHOD 

Although the Strauss method is a simple and commendable one, it 
nevertheless retains some pomts of inaccessibility, as the mstrument 
employed is of foreign manufacture, requiring importation and demand- 
ing a rather high price It seemed well, therefore, to attempt a further 
simplification of the process The standardized solutions, obviously, 
cannot be eliminated Two of these are required in the Strauss method, 
but when a laboratory is able to prepare one standardized solution another 
can be made with only little additional difSculty The instrument, how- 
ever, can be simplified In place of it, a simple graduated 50 c c cylmder 
may be used, and with such a "tube” and a scale for mterpretmg its 
results, sufficiently accurate chlorid estimations may be made, as is shown 
m Table 5 

In makmg determinations the same solutions and the same amounts 
of them were put into the cylinders as were used in the Strauss tubes 
From the amounts of the vaiious fiuids employed, it is evident that when 
an end-point is reached in the titration, a definite volume of fluid is 
present in the tube Thus, for example, it was seen by actual measure- 
ment that when the end-point was reached with 5 gm per liter the 
Strauss tube contamed 36 45 c c of total fluids It follows, moreover, 
from the volume of silver nitiate solution, the urine and the ammonium 
thiocyanate, and from their numerical relationships, that the total volume 
of fluid present for any degree on the scale of chlorids may be calculated 
In this way, total volume of fluid may be converted into grams of chlorids 
per liter, or vice versa For this purpose the followmg formula has been 
derived • 
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Giams clilorids per liter = 20 475 — 0 585 V Eq I where V is the total 
fluid present in the tube 

The formula is derived as follows 
Solutions placed in tube 
5 c c 01 1/200 of a liter of urine 

10 cc N/lOAgNOg Each cc of N/lOAgNOg will precipitate 0 00585 
gm NaCl 

Sum of these solutions = 15 c c 

N/20 NH 4 SCN, of which 2 c c N/20 NH 4 SCN = 1 c c N/IO AgNOg 

V = total fluid at end of titration 

V — 15 = amount of N/20 NH 4 SCN used in titration 

V — 15 = Excess of N/lOAgNoj present after precipitation of chloiids 


2 

10 — V — 15 = amount of N/10 AgNOj used in precipitation of chlorids 


2 

Then 

V— 15 


[ 10 - 

] 

2 

V— 15 

0 00585 = gm NaCl in 5 c c 

mine 

[ 10 - 

] 

0 00585 X 200 = gm NaCl in 

1,000 cc mine 


2 


When simplified, this expression is 

20475 — 0 585V = gm NaCl pei liter of mine Eq I 

Example 

Suppose total fluid at end of titration = 21 35 c c 
Substituting in Equation I 
20 475 — 0 585 x 21 35 = gm chlorids pei litei 
7 98525 = gm chloiids pei liter 

In this case the Lnttke-Martins determination showed that the 
chlorids were 7 956 gm pei liter 

By a rearrangement of the terms of this formula, an expression is 
derived by which the amount of fluid present may be calculated from the 
number of grams of chloiids per liter in the solution analyzed This 
formula would be useful in constructing or checking the calibration of 
an instrument 

20 475 gm chloiid per liter 

V = Equation II, wheie V is the 

0 585 

total fluid in the cylinder at the end of the titration 

Prom Equation I a scale has been computed for use with the grad- 
uated cylinders, from which the numbers of grams of chlorids per liter 
of the urine, or solution tested, may be read off from the total amount of 
fluid present at the end of the titration This scale has been calculated 
in 0 1 gm NaCl per liter from 0 to 11 7 gm per liter Wliereas the 
scale on the Strauss tube registers from 11 to 0 5 gm per liter, this scale 
somewhat extends these limits By means of it, a range of 1 2 gm per 
liter beyond the limits of the Strauss scale is allowed for chlorid estima- 
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tions in the graduated cylinders The calculated values of the scale 
correspond quite accurately to the amounts observed when testing volu- 
metrieally the calibrations of the Stiauss tubes 

To test this method, a series of determinations were made with 
ordinary 50 c c cylinders chosen at random fioin the supply in the 
laboratory and with a certified cylinder of an accurate calibration The 
graduations on the ordinary cylinders were for 1 cc, extending ovei a 
tube length of 12 o cm The certified cylinder was graduated in 0 2 c c , 
extending over a scale length of 25 cm For these experiments the 


SCALE or CHLORIDOMLTRY IX CVLIXDERS 


Cliloiids 

Gm pel 
Liter 

Volume 

O 

Volume 

S 

o 

1 

Volume 

Gm 

Volume 

Gm 

Volume 

S 

o 

Volume 

n 

35 000 

20 

31 58 

40 

28 16 

60 

24 74 

SO 

21 32 

BB 



34 829 

2 1 

31 409 

4 1 

27 999 

6 1 

24 560 

8 1 

21 159 

Braj 

17 739 


34 071 

22 

31 238 

42 

27 828 

62 

24 398 

82 

20 988 


17 568 

03 

34 487 

23 

31 060 

43 

27 657 

63 

24 227 

83 

20 717 

■fSB 

17 397 

04 

34 316 

24 

30 896 

4 4 

27 486 

64 

24 056 

84 

20 546 

10 4 

17126 

05 

34 128 

25 

30 72 

45 

27 30 

65 

23 88 

85 

20 48 

10 5 


0 6 

33 971 

26 

30 549 

46 

27 129 

66 

23 709 

8 6 

20 309 

10 6 

16 869 

07 

33 803 

27 

30 378 

47 

26 958 

67 

23 538 

87 

20 138 

10 7 

16 698 

08 

33 632 

28 

30 207 

48 

26 787 

68 

23 367 

88 

19 967 

10 8 

16 527 

09 

33 461 

2 9 

30 036 

49 

26 616 

69 

23 196 

8 9 

19 796 

10 9 

16 356 

1 0 

33 29 

3 0 

29 87 

50 

26 45 

70 

23 03 

9 0 

19 025 

11 0 

16 19 


33 119 

3 1 

29 699 

5 1 

26 279 

7 1 

22 869 

9 1 

19 454 

11 1 

15 919 


32 948 

3 2 

29 528 

52 

26 108 

72 

22 608 

92 

19 283 

11 2 

15 748 


32 771 

33 

29 357 

5 3 

25 937 

73 

22 527 

9 3 

19 112 

11 3 

15 577 


32 608 

34 

29 186 

54 

25 766 

74 

22 356 

94 

18 941 

11 4 

15 406 


32 435 

3 5 

29 025 

5 5 

25 605 

75 

22 175 

95 

18 755 

11 5 

15 33' 

1 6 

32 264 

3 6 

28 854 

56 

25 434 

76 

22 004 

■ila 

18 584 

11 6 

15 171 

1 7 


37 

28 683 

5 7 

25 263 


21 833 

9 7 

18 413 

11 7 

15 000 

IS 

31 912 

3 8 

28 512 

5 8 

25 092 


21 662 

9 8 

18 242 



1 9 

31 741 

3 9 

28 341 

5 9 

24 921 

B 

21 491 

9 9 

18 071 




cylinders were closed with rubber stoppers Titrations were made in 
these C 3 dinders according to the Strauss method and the results compared 
with Luttke-Maitius and Strauss determinations on the same urines 
The results of these analyses are shown in Table 5 In tins table also are 
given the results of this method obtained when smaller cylinders (10 c e ) 
were used The significance of this will be described later 

Considering for the piesent only the results of titration in the 50 c c 
cjdmders, it is seen from Table 5 that eiiors in chloiidometry with the 
ordinary ejlinders range from 0149 to 0 271 gm of clilorids per liter, 
while errois vith the standardized cylinder are less, being from 0 021 to 
0 12 gm per liter of urine The larger eriors of the ordinary cylinders 
are explained by the errors found to be existent in their calibrations 
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when the supposed cubic content between the graduations was measuied 
by means of a buret. The more accurate results with the certified 
cylmder weie to be expected from the accuracy of its calibration and the 

TABLE 5 — ^Estimation of Chlorids in Urine by Strauss Method in 
Graduated Cylinders Results Compared to Strauss Tube and 
LuTTKE-MARTIUS DETERl^riNATIONS 


^Method 

Tube and Luttke-Mai tius Determinations 

4 

In Gm pel liter. 
Difference from 
Luttke-Mai tius 

Gm pel liter 
Observed 

Gm pel liter 
by Scale 

Volume c c 
Observed 

1 

1 

Volume c c 
by Scale 

Luttke-Martms 

0 2340 



34 6 


Strauss tube 

Meniscus 






above scale 





Ordinary 50 c c eyl 


05 

34 1 

! 

-1-0 266 

Ceitified 50 c c cyl 


0 15 

1 34 75 


— 0 084 

Ordinary 10 c c eyl 


0 75 

6 75 


-1-0 516 

Certified 10 c c cj^l 


1 0 25 

6 85 


-1-0 016 

Luttke-Mai tius 

O' 7371 



33 73 i 


Strauss tube 2 

07 


33 6 


—0 0371 

50 c c cyl Old 


0 45 

34 2 


—0 1871 

60 c c cyl cert 


08 

33 6 


-fO 0629 

10 c c cyl Old 


1 45 

65 


-f0 7189 

10 c c cyl cert 


0 75 

6 75 

i 

4-0 0189 

Luttke-Martius 

4 329 



27 0 


Stiauss tube 4 

42 


27 88 


—0 129' 

50 c c cyl 01 d 


46 

27 1 


-1-0 271 

50 c c cyl celt 


4 35 

27 5 


-1-0 021 

10 c c cyl ord 


5 1 

5 25 


-1-0771 

10 c c cyl cert 


4 25 

5 55 


—0 079 

Luttke-Maitius 

8 5702 



20 35 1 


Strauss tube 1 

86 


20 45 

1 

j 

4-0 0298 

50 c c cyl 01 d 


8 4 

20 5 


—0 1702 

50 c c cyl celt 


8 6 

20 3 

! 

-fO 0298 

50 c c cyl Old 


9 05 

3 9 


4-0 5098 

10 c c cyl celt 


8 7 

4 00 


4-0 1298 

Luttke-Martius 

10 530 





Strauss tube 2 

10 6 

1 

16 89 


4-0 07 

50 ce cyl oid 


10 7 

16 6 


4-0 17 

50 c c cyl cert 


10 65 

16 7 


-fO 12 

10 c c eyl Old 


11 05 

32 


4-0 52 

10 e c cyl celt 


10 8 

3 3 


-1-0 27 

Luttke-Mai tius 

11 349 






Meniscus 




1 

Stiauss tuba 2 

below scale 





50 e c cyl ord 


11 1 

15 9 


—0 149 

50 e c eyl cei t 


11 25 

15 7 


— 0 099 

10 c c cyl ord 


11 3 

3 1 


—0 049 

10 c e cjl celt 


11 4 

3 15 


4-0 051 


length and numerous graduations of its scale With both kinds of 
cjdindeis, chlond deteimmations can be made with accuracy equal to that 
of the Strauss tubes^ and the advantages of their longer scales are showm 
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by the first and last analyses of the senes in Table 5^ in which the 
meniscus was once above and once below the limits of the Strauss scale 
For chlorid estimations by this rapid method, the certified 50 c c cylinder 
IS to be recommended especially It has the advantage of being easily 
procured, of having accurate calibrations and a long, frequently divided 
scale, and m addition gives results that are considerably more accurate 
than those obtained by the Strauss tubes 

As the estimation of chlorids in the urine has diagnostic value m the 
study of renal function, as well as in the study of many diseases, an 
attempt was made to adapt the method of chloridometry m graduated 
cylinders to the requirements of urology In studying renal function by 
means of collecting through a ureteral catheter the urine from one 
kidney, often only 1 c e , or slightly more than this, is obtained For the 
ordinary’- Strauss test this amount of urine is insufficient, and it is like- 
wise not enough for the test when carried out in 50 c c cylinders For 
this reason small 10 c c cylmders were employed m the series of analyses 
summarized in Table 5 One cylinder was an ordmaiy 10 c c graduated 
cylinder, the calibrations of which were inaccurate The other was a 
somewhat longer 10 c c cylinder, graduated in 0 1 c c , with accuiate 
calibration Into these cylmders 1 cc of urine and 2 cc IT/IO Agl^^Og 
(Luttke-Martius silver solution) weie placed The titration was then 
done by adding IT /20 ammonium thiocyanate In this way the i elations 
between the solutions were kept the same as in the ordinary Strauss 
method As one-fifth of all the solutions used in computing the scale 
for chlondometrv in graduated cylmders, the results obtained with the 
10 c c cylmders had only to be multiplied by 5 m order to allow reading 
from the amount of fiuids m the cylmders the grains of chlorids per liter 
of urine tested, by means of the scale computed for the larger cylmders 
Determinations made by these small cylmders, however, exliibited large 
discrepancies from the Luttke-Martms figures With the ordmary 10 c e 
cylmders errors ranged from 0 049 to 0 7189 gm of chlorids per liter, 
while with the certified 10 c c cylinders they were from 0 016 to 0 27 gm 
per liter With the certified cylinder the readmgs were within the limits 
of desired clmical accuracy But, m spite of this, these small cylmders 
cannot be recommended for use m making chlorid estimations Great 
care must be exercised m puttmg the urme and silver nitrate solution 
m the cylmders, for when such small quantities are used, a drop of the 
solution left along the sides of the tube will have large effect on the 
result of the titration It is advisable, therefore, when only small 
amounts of urme to be analyzed for chlorids are available, to dilute this 
urme carefully a sufficient number of times to give somewhat more than 
5 c e More accurate estimations then can be made on the diluted urine 
by means of the Strauss method m the tubes or m the graduated cylmders 
than are possible with small cylinders, using small quantities of urine 
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THE METHOD OE AGHAED A3HD THOMAS 

The other simple method for the determmation of chlorids m the 
nime is that of Aehard and Thomas ^ These authors have devised an 
instrnment comparable to the Eshach tube, and emplo}’^ the process of 
Mohr^ for the titration method This method is based on the precipita- 
tion of chlorids by silver nitrate of known strength added in excess, and 
the titration for the excess of silver using potassium chromate as an 
indicator In Mohr’s procedure a certain amount of the urme is placed 
m a dish, to which is added, drop by drop, a standardized solution of 
silvei nitrate (29 075 gm AgNOj dissolved in 1,000 cc HgO, of this 
solution, 1 c c will precipitate 0 01 gm NaCl) To denote when all the 
chlorids of the mine have been precipitated a drop or two of a solution 



Fig 2 — Chloridometer of Achaid and Thomas 

of potassium chromate are added as an mdicator When the precipitation 
of chlorids is complete, a reaction takes place between the silver and the 
chromate, formmg silver chromate, which gives a brownish-ied color to 
the mixture The appearance of the color mdicates the end of the 
leaction, and at this point the amount of chlorids present in the urine 
IS determmed from the quantity of the silver used 

The approximate estimation of the chlorids which Aehard and 
Thomas have mtroduced, rests on the same reaction, but pioceeds m the 
opposite direction Instead of addmg to a fixed amount of urme a 
variable quantitj'^ of silver nitrate, the quantit}’’ of urme is varied, while 
that of the silver nitrate remains constant This conveniently permits 
emplopng only a small amount of the standardized solution of silver 
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nitrate, and on this basis the method is recommended by the aiithois as 
a bedside procedure The potassium chromate is added to the silver 
nitrate m the tube before the addition of any urine Silver chromate is 
formed at once, givmg the mixture a deep red color To this, the urine 
IS added and the tube inveited several times The chromate of silver is 
decomposed by the successive addition of urine and silver chlorid and a 
yellowish precipitate is foimed The end of the reaction occurs when 
all of the reddish-brown color disappears, and gives place to a light yellow 
color throughout the fluid and precipitated contents of the tube For 
this test the urme should be slightly acid, rendered so, if necessaiy, by 
the addition of a little acetic acid 

The instruments^ shown in Figure 2, employed by Achard and 
Thomas, is a tube not unlike the Strauss chloridometer This tube is 
closed by a rubber stopper, its barrel bears a special calibration to 
mdicate the amount of chlorids in the uime thus tested At the bottom, 
a flrst graduation, marked A, mdicates the fixed quantity of the standard 
solution of silver nitiate to be placed in the tube The quantity is 5 c c 
Above this mark, the graduations of the scale indicate m grams pei liter 
various amounts of chlorids 

The scale is constructed accoidmg to the followmg table 

3 3 cc coi respond to 15 0 gm chlorids per 1,000 cc of urine 
5 0 c c correspond to 10 0 gm chlorids per 1,000 c c of urine 

7 1 c c correspond to 7 0 gm chlorids per 1,000 c c of urine 

10 0 c c correspond to 5 0 gm chlorids per 1,000 c c of urine 

12 5 c c correspond to 4 0 gm chlorids per 1,000 c c of urine 

14 0 c c correspond to 3 5 gm chlorids per 1,000 c c of urine 

16 0 c c correspond to 3 0 gm chlorids per 1,000 c c of urine 

20 0 c c correspond to 2 5 gm chlorids per 1,000 c c of urine 

The total volume m the tube at any of these degrees is the amount 
given here plus the 5 c c of silver nitrate solution 

To make determinations with this tube the following procedures must 
be carried out 

The tube is filled to the mark A with the standardized solution of silver 
nitrate (29 075 gm AgNOa to 1,000 cc HoO) To this 3 or 4 drops of a 1 5 
solution of potassium chromate are added The undiluted urine is then added 
gradually, mixing the fiuids constantly by gentle inversion of the tube When the 
reddish-brovsTi color of the mixture finally changes to a permanent yellow, the 
end-point is reached The chlorids present in grams per liter are read off directly 
from the scale 

The authors advise using the upper limit of the scale because of the 
greater accuracy of readings in these regions If the amount of chlorids 
in the urine is above 5 gm per liter on the first test, a second determina- 
tion should be made ivith diluted urme Above 5 gm of chlorid per 

15 The Achard and Thomas chloi idometer is manufactured by Paul Altmann 
of Berlin Prmee 3 marks 
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liter make dilutions of 1 to 2, above 10, a dilution of 1 to 4, above 15, 
dilute 1 to 6 The results thus obtamed are to be multiplied by the 
amount of the dilution to estimate the quantity of chlorids in the undi- 
luted urine When the chloiids are less than 2 5 gm. per liter, the silver 
nitrate must be diluted, when, to calculate the true chlorid content of 
the urine, the observed content should be divided by the degree of the 
dilution 

TABLE 6 — Estimation of Chlorids in Aqueous Solutions by Achabd- 
Thomas Method Compared with Luttke-Martius Method 


Grams NaCl per liter by 


Luttke-Martius 

Method 

Achard-Thomas 

Tubel 

Tube 2 

Tube 3 

Tube 4 

Tube 5 

Tube 6 

0 5 

0 483 

05 

0 583 




1228 

103 

10 

1 0 

1 0 

10 

1 03 

1 638 

1 33 

125 

1 666 

1 5 

133 

133 

2 106 

191 

191 

1 8 

2 16 

2 

191 

2 574 

27 

28 

2 75 

28 

2 75 

28 

3 276 

32 

3 25 

32 

3 25 

32 

32 

3 627 

36 

35 

37 

3 55 

3 55 

3 55 

3 9953 

-41 

4 05 

4 05 

41 

41 

40 

4 797 

45 

47 

47 

47 

45 

45 

5 085 

52 

5 1 

52 

1 51 

5 05 

50 

5 5867 

5 35 

57 

58 

■ 59 

55 

59 

6 101 

60 

60 

i 61 

61 

60 

60 

6 5227 

65 

65 

67 

65 

65 

64 

7 254 

7 05 

i 70 

1 71 

69 

70 

69 

7 605 

76 

75 

74 

75 

72 

71 

8 1607 

80 

75 

80 

80 

79 

80 

8 5702 

80 

84 

84 

83 

83 

85 

9 0967 

90 

85 

90 

85 

85 

90 

9 5355 

92 

95 

95 

90 

95 

95 

10 2667 

10 1 

10 0 

10 1 

lai 

101 

10 0 

10 764 

10 5 

10 1 

10 5 

10 5 

10 2 

10 2 

11 0565 

12 0 

11 0 

110 

110 

110 

11 0 

Max difference from 

n 




HI 

Hi 

Luttke-Martius 


0 664 

0 264 




Mm difference 

Bla 

00 

0 028 

0 0115 

Bm 

BtiB 

Average difference 

0 4802 

0 332 

0146 

0 304 

■ 

H 


This instrument and method were tested as follows (a) Tests of the 
calibration, (b) estimation of chlorids in aqueous solution, (c) estima- 
tion of chlorids m normal urine, undiluted, (d) estimation of chlorids 
in undiluted urine containing albumin In aU titrations results obtained 
by the Luttke-Martius method were taken as the absolute for comparison 
(a) Tests of the Calibration — In comparing by buret readings the 
calibration of six of these tubes with the table given by Achard and 
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Thomas, it was found that the difference between the actual and lequiied 
cubic content of the tube between the maiks of the scale was nevei moie 
than 0 2 c c On tlie whole, the scale marks weie found to be accuiately 
placed 

(b) Esiimaiion of Clilonds m Aqueous Solution — The lesults of 
deteiminations of chloiids in aqueous solution by the Achaid-Thomas 
method as compared with the Luttke-Mariius method aie shoini in 
Table 6 The Achard- Thomas deteiminations aie seen to vai} from the 
Luttke-Martius by as much as 0 9435 gm of chloiids pei liter Headings 
were obtained between this degiee of eiioi and no eiioi iSTeail}’’ all 
readings were too high The average eiioi of all readings was about 
0 3 gm per litei As this senes of solutions was the same as that used 
in testing the Stiauss tubes, compaiison between these lesults may be 
made by reference to Table 2 Fiom this it will be seen that the eiioi 
in the Strauss deteiminations (0 2 gm pei litei) weie considerably less 
than this, and m no instance weie e'ven one-half as gieat as some of the 
eiiors in the Achaid and Thomas estimation 

The explanation of these laige eiiors is piovided by the chaiacter of 
the chemical reaction and the eonstiuction of the tubes It has long been 
admitted that the Mohr method for the estimation of chloiids giies too 
high results, and this may be taken as one factor in the error under 
consideration Further more, the end-point of the titiation reaction is 
not a sharp one, especially under the conditions of the anatysis in the 
Achard-Thomas tube The final coloi of the titration in the tube does 
not come suddenly, as in the Strauss method, but develops gradually A 
good yellow color is obtained in the fluid of the tube long before all of 
the brownish-red piecipitate disappears Scale readings of varied degrees, 
therefore, may be made aceoidmg as the end-pomt is judged by the 
permanent j’^ellow color in the fluid (as the directions specify), oi by the 
complete change in the precipitate (as the chemistij'^ of the reaction 
demands) This introduces another source of eiioi All my leadings 
were taken when the precipitate changed complete^ fiom brown to 
yellowish white, as I found that this point gave the most accurate results 
as compared with the Luttke-Martius figures In addition, the scale 
itself IS a source of error It is constructed with relatively few marks, 
separated by considerable and vaiymg distances on the tube, with no 
register between them The readings, few of which corresponded exactly 
to the marks on the scale, were taken as the nearest appioximations that 
judgment allowed 

(c) EstxmaUon of Clilonds vn Noimal TJnnes — Table 7 presents 
the results obtained by chlondometry performed on the same senes of 
normal urines used for Table 3, for the Strauss tubes These results aie 
more like the Luttke-Maitius figures than those in the above table when 
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aqueous solutions of sodium chlorid weie used Tlie eiiors in some cases 
are considerable^ however, being as high as 1 399 gm per liter This is 
much a larger eiror than any in the Strauss deteiminations, and the use 
of the tubes in these tests exhibit the same difficulties of inconvenient 
scale, approximate leadings, and uncertain end-point as were desciibed 
above Their advantage over the Strauss method is that the color of 
the urine makes no difference at all in the distinctness of the end-color, 
when finally this is obtained Estimations by this method can be made 
somewhat moie rapidly than by the Strauss process 

TABLE 7 — Achakd and Thomas Tubes with Chloeids of Norjial Urine 


Method 


Gm NaCl Pei Liter 


Luttke-Martius 

Achai d-Thomas — 

Tube 1 

Tube 2 

Tube 3 

Tube 4 

Tube 5 

Tube 6 

^ 2 0475 

20 

20 

4 9725 

48 

50 

6 903 

70 

68 

69 

70 

7 722 j 

82 

75 1 
80 

76 

9 716 

85 

9 0 I 

90 

80 j 

90 ■ 

90 

11 349 

10 05 
110 

10 05 

Max difference 

0 0475 

Wm 

0 103 

in 

1 216 

1 299 

Min diffeience 

0 0475 


0 003 



0 349 

Mean diffei ence 

0 0475 



■ 

0 866 

0 824 


(d) Mstimation of Clilonds m Alhuminous Unne — A series of urines 
containing the proteins of blood-serum were analyzed for their chlorid 
content by the Achard-Thomas method This series was the same as 
that for the Strauss tubes, shown in Table 4 Chlorid determinations 
weie made on urines to which salt-free protein had been added in quan- 
tities up to 37 gm per liter The titrations were all within the limits 
previously discovered to lepresent the accuracy of these tubes In no case 
was the presence of protein found to interfere with the Achard-Thomas 
process 

Tests of this method show that because of the inconveniences of its 
irregular scale, and the uncertainty of its end-point, the Achard-Thomas 
process is capable of giving only widely approximate results It has the 
advantage of being rapid and uninfluenced by the color of the urine 
tested, while it requires only one standardized solution But its 
inaccuracies are so great that its value as a clinical method is con- 
siderably less than that of the process of Strauss 

CHLOETDO]\IETET BY ACHAED-THOMAS METHOD lET GEADUATED 

CYLHSTDEES 

This method, like that of Strauss, may be simplified further by 
eliminating the special apparatus, the chloridometer tube, and employing 
a graduated 50 c c cylinder The titiation may be made in one of these 
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cylinders and the total volume of fluid noted at the end of the analysis 
From the amounts of standaid silver nitrate solution, the quantity of 
urine added and their chlorid equivalent, a formula may be derived by 
which the total volume of fluid at the end of the titration may be con- 
verted into grams of chlorid per litei of urine Into the cylmder 5 c c of 
standardized Achard and Thomas silvei nitiate solution are placed Of 
this solution, 1 c c will precipitate 0 01 gm. HaCl To this are added 
2 to 3 drops of potassium chromate Urine is then added until the 
yellow color appears, determining the end-point as m the ordinary 
manner From these quantities the following formula is derived 

V = total volume of fluid in cylmder at end of titration (V — 6) = amount 
of urine added 

5x0 01 = 0 05 = amount of NaCl precipitable by 6 cc of AgNO, solution 

As tbe chlorid content of the amount of urine added (V — 5) is 0 05 gm 
when the end-point is reached, then 

0 05 

Grams NaCl per cc = 

V — 5 

Grams NaCl per c c x 1,000 = grams NaCl pei* liter 

0 05 X 1,000 50 

Grams NaCl per liter = = ^ 

V_6 V--5 

Example Suppose V = 19 

60 60 

Gm NaCl per liter = = — =3 67 

19 — 6 14 

This result corresponds to the figures in the table given by Achard and 
Thomas 

In applymg this method, as described above, or by reversmg the 
procedure, addmg the silver nitrate solution to the urine, as m the Mohi 
technic, unsatisfactory results were obtamed The short scale length and 
the imcertamty of the end-pomt make the results of titrations in grad- 
uated cylmders quite maecurate The readmgs obtamed by the cylinders, 
however, were as accurate as those by the tubes of Achard and Thomas, 
and the cylmders have the advantage of providmg a scale of moie 
calibrations than that on the tubes But the errors are so great that 
they prevent recommendation of the method for clmical use 

CONCLUSIONS 

Several simplified methods for estimatmg ohlorids m the urine a:fe 
described and tested Of these procedures 

1 The Strauss method is found to be simple and rapid and to give 
results, which, while not exact enough to serve as a basis for metabolic 
experiments, are suflBciently accurate for clmical purposes 

2 The Strauss method is directly applicable to both normal and 
albuminous urme 
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3 The Stiauss method modified by performing the test in a grad- 
uated 50 c c. cylinder, instead of the Strauss tube, gives results more 
accurate than the original method, and is a simple E process. A scale is 
computed for use with such cylinders 

4 The Achard and Thomas method is simple and rapid, but because 
of uncertain end-pomt and inconvenient scale, is not sufficiently accurate 
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A PKELIMINAEY NOTE ON THE EXCRETION OP INDOL- 
ACETIC ACID IN THE URINE 


ELLISON L EOSS, PnD 

KANKAKEE, ILL 

In making metabolism studies in cases of dementia praecox I was 
stiuck by the appeal ance of a led coloi in the urines wbicli bad been 
treated with strong mineral acids The led substance was found to be 
insoluble in ether, chloioform, benzene, toluene and xylene, but soluble 
in water, ethyl alcohol and am 3 d alcohol In amjd alcohol the led sub- 
stance gave an absoiption spectral band between 556 and 570 Tins 
compound with these chaiacteristics seems to be identical with the 
urorosem described by Nencki and Sieber,^ H Eosm,- C A Heitei,^ 
J Pli Staal,^ L C Willard,® V Arnold® and A Ellingei and A Plani- 
mond According to the work of Herter, the uroiosem is foimed fiom 
indol-aeetic acid by the action of a strong mineral acid and an oxidizing 
agent 

That indol-acetic acid is derived from tiyptophan can haidly be 
doubted, for first the indol group is common to both, and second, tryp- 
tophan IS abundant in animal tissues and in the daily diet of man The 
close chemical relationship between tryptophan, indol-acetic acid, skatol, 
indol and indican is cleaily shown by the following eraphie formulas 



NH NH 


Skatol and indol are well known toxic substances, which, in noimal 
metabolism are made non-toxic by then transformation into ethereal 
sulphates, one of which is indican 

Fiom the Laboratory of the Illinois State Psychopathic Institute 
^ Submitted for publication June 11, 1913 

1 Jour f prakt Chemie, 1882, vxvi, 333 

2 Deutsch med Wchnschr , 1893, p 51 

3 Jour Biol Chem , 1908, iv, 239 

4 Ztschr f physiol Chemie, 1905, xlvi, 236 

5 Ztschr f physiol Chemie, 1905, xlvi, 515 

G Ztschr f physiol Chemie, 1909, Ixi, 240 

7 Ztschr f physiol Chemie, 1909, Ixii, 276 
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jSTeiick] and Sieber’- weie not able to find mdol-acetic acid in the 
mines of noimal peisons Eosin^ claimed to have found it in eveiy 
normal urine exammed, and in greatest amount when the diet consisted 
of vegetables Garrod and Hopkms® say that it occurs only occasionally 
in normal mines Hertei claims that with potassium nitrite and con- 
centiated hydrochloiic acid it was impossible to obtain the reaction 
except in very faint suggestions from any normal urine examined 
hTencki and Siebei report the presence of ^^urorosein” in the urines of 
patieuts suffering with osteomalacia, nephritis, typhoid fevei, carcinoma 
of the esophagus, uleei of the stomach and perityphlitis They say that 
10 pel cent of all diseased persons gave a positive leaction Heiter 
rcpoited indol-acetic acid in the mine of an under-developed child 
suffeiing from a peculiar intestinal putrefaction 

Smce the findings have been somewhat contiadictoiy thus far, it was 
thought best to examine the mines of a number of apparently healthy 
peisons The urines of ninety-one employees of the Kankakee State 
Hospital were collected and tested for indol-aeetic acid The individuals 
weie all young, woiking and apparently in good health The following 
tests wei e made on each urine Ten c c of urine in a test-tube was 
tieated with about 3 c c of hydiochloric acid (sp gr 1 19) and 2 drops 
of 0 2 per cent sodium nitrite The contents of the tube were mixed 
and allowed to stand ten minutes If a pink or red color appealed the 
test for indol-acetic acid was called positive The second test was 
identical with the first, except that no nitiite was used 


TABLE 1 — Tests on Urines of Young, Healthy Persons 



No of 
Cases 

Test -uitlioiit 0- Agent 

Test with 0-Agent 

Number 

Positive 

Per Cent 
Positive 

Numbei 

Positive 

Pei Cent 
Positive 

Men 

68 

5 

7 35 

13 

19 12 

Women 

23 

2 

8 70 

0 

26 09 

Total 

91 

7 

7 69 

19 

21 37 


These results indicate that indol-acetic acid may appear in the urine 
cf ajipaiently healthy young people 

As I first noticed indol-acetic acid in the urine of insane patients in 
quantities lelatively very large, an examination was made of a large 
number of sueh mines The results of the tests similar to those 
desciibed above weie as shoivn m Table 2 


8 Jour Physiol , xa, 112 
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Table 2 — ^Tests of tJBiNBS of Iksaxe Patients 


Type of Mental Disorder 

No of Cases 

Test -without 

0- Agent 

Test -with 
0-Agent 

No Positive 

Per Cent 
Positive 

No Positive 

Per Cent 
Positive 

Organic brain disease 






(not differentiated) 

7 

1 

14 29 

2 

28 5S 

General paralysis of the 






Insane 

21 

2 

1 9 52 

4 

i 19 04 

Senile dementias 

16 

2 

12 50 

10 

62 50 

Infective exhaustive 






psychoses 

3 

1 

1 33 30 

1 ^ 

100 00 

Intoxication psychoses 






(alcohol and morphin) 






Chronic 

14 

1 

7 14 

4 

28 57 

Acute 

6 

1 

10 67 

2 

33 33 

Total 

20 

2 

10 00 

6 

30 00 

Dementia praecox group 






Hebephrenic 

42 

4 

9 52 

15 

35 71 

Katatonic j 

12 

5 

4166 

10 1 

83 33 

Paranoid 

18 

2 

11 11 

10 1 

66 65 

Not differentiated 

102 

S 

7 84 

48 

47 06 

Total 

174 

19 

10 92 

83 

47 70 

IManic depressive group 



j 



Depressed 

16 • 

1 1 

6 25 

6 

37 50 

Excited 

17 

2 

1176 

4 

23 52 

Kemission 

2 i 

0 


0 


Total 

35 

3 

8 57 

10 

28 57 

Involutional melancholias 

5 

0 


2 

40 00 

Psychoneuroses 

2 

0 


2 

100 00 

Paranoic states 

4 

1 

25 00 

3 

75 00 

Psychopathic personalities 

3 

0 


1 

33 33 

Epileptic psychoses 

42 

3 

7 14 

15 

36 71 

Defective mental development 

26 

3 

1154 

15 

57 70 

Unclassified cases of 






insanity* 

132 

IS 

13 64 

65 

49 24 

Tuberculosis in insane 






individuals! 

26 

3 

11 54 

10 

38 46 

Very inactive insane 






individuals 

25 

4 

16 00 

13 

52 00 

Total insane individuals 






tested 

490 

55 

11 22 

211 

43 06 


Old cases wliicli are largely cases of dementia praecox undoubtedly 
T These individuals were also included in the different psychosis groups 


Of the 490 urines from insane patients, 43 06 per cent contained 
indol-acetic acid as compared with 21 37 per cent in the case of normal 
mines Such a large difference indicates a relation between indol-aeetic 
acid excretion and some condition frequent among the insane The data 
m Table 3 exclude the validity of the claim that the age factor is an 
influential one 
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In many cases the number of patients of a certain type of psychosis 
IS too small for the percentages of positives to be of any considerable 
valne alone It wiU, however, he noted that where the psychoses seem to 
arise on a basis of constitutional mferiorit}^ the percentage of positive 
reactions is generally relatively high The best example of this is found 
in the case of the dementia praecox group with 174 cases and 47 7 per 
cent, positive, and in the case of the mental defectives with twenty-six 
cases and 57 7 per cent On the other hand, the best examples of low 
percentages are found in the group of general paralysis with twenty-one 
cases and 19 04 per cent positive, and the intoxication group with twenty 
cases and 30 00 per cent positive The intoxication psychoses and gen- 
eral paialysis of the insane may both be considered as more definitely 
acquired conditions, since they require the presence of some exogenous 


TABLE 3 — Age Factor in Indol- Acetic Acid Excretion 



No of Cases 

Test without 
0-Agent 

i 

Test with 
0-Agent 

No Positive 

. . 

Per Cent 
Positive 

No Positive 

Per Cent 
Positive 

Insane individuals of ages 


, ' 




between — 




1 


15-25 

32 



1 14 ' 

1 43 75 

25-40 

165 



76 

46 06 

40-60 

203 



93 

45 85 

60 — above 

67 



23 

40 35 


factor Dementia praecox and defective mental development, on the 
other hand, are generally believed to be more definitely constitutional in 
nature This apparent relation between constitutional inferiority and 
indol-acetic acid excretion is strengthend when we compare the per- 
centage of positive among the cases belonging to the dementia praecox 
group with the percentage of positives among the insane other than 
dementia praecox This point is clearly shown in Table 4 

There are at least two possibilities to be considered in connection with 
the occurrence of indol-acetic acid in the urine First, like homogentisic 
acid and cystin, it may indicate a constitutional disorder of metabolism 
The figures given above tend to suggest that this is true, although it 
cannot yet be considered as proven Secondly, it may result from a 
particular kind of intestinal putief action, for Hopkins and Cole® have 


9 Jour of Physiol , 1903, xxix, 29-451 
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shown that indol-acetic acid can he pioduced m vitio fiom tiyptophan 
by hacteiial growth Work along these lines is being actively cairied on 
at the present time in this laboratory 

TABLE 4 — Comparison: or Positive Cases Among Cases of Dementia 
Praecox and Other Forsis or Insanity 



tr 

o 

« 

O 

U.I 

O 

O 

'A 

Iso Poaltive 

Pei Cent 
Positive 

1 

No Positive 

Pei Cent 

Sane peisons appaiently 
healthy 

91 

7 

77 

i 

1 

19 

214 

Insane persons, exclusive of 
dementia praecox and un- 
classified groups 

184 

18 

98 

63 

34 2 

Dementia piaecox group 

174 

19 

10 9 

83 

47 7 


Another pomt also needs further study It will he noted that to some 
urines an oxidizing agent had to be added in order to convert the indol- 
acetic acid to urorosein, wheieas in otheis no such addition was necessary 
Herter commented on this fact and showed that a positive urorosein 
reaction might appeal without adding an oxidizing agent if the urine 
containmg indol-acetic acid weie allowed to stand twelve to twenty-four 
hours, and claims to have proven that this was due to the growth of 
nitrifying organisms whereby the necessary nitiite was provided This 
certainly is not necessaiy in all cases, foi a positive reaction without the 
addition of any oxidizmg agent has been obtained in specimens imme- 
diately after they aie voided It therefore remains to explam the presence 
of an oxidizing agent in some mines This point is also being mvesti- 
gated in this laboratory 

The author is indebted to Dr H Douglas Singei foi much aid in collecting 
material and many valuable suggestions in cai lying out the ivork 
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A STUDY OF TUE A^ENTEICULAE SYSTOLE— SUBCLAVIAN 
INTEEVAL, WITH A DISCUSSION OP THE 
PEESPHYGMIC PEEIOD ' 

ARTHUR W SWANN, MD A^D EDMUND R P JANWRIN, MD 

NEW "iORK 

INTRODUCTORY 

The inateiial on which this papei is based was obtained at the 
suggestion o£ Pi of Fiiediich von Mnllei, in his waids at the Allgemeine 
Kimhenlians, hnlcs clei Ism^ in Mniiich We intended oiiginally to take 
as the subject of the papei the piesiihygmic peiiod, i e, the time 
between the beginning of ventiicnlai systole and the opening of the 
aoitic valves As oiii woik advanced, however, we had leason to doubt 
the acciiiacy of the piesphygmic pciiod as detei mined by oui method, 
01, indeed, by any present method (except possibly in the case of aneii- 
lysms), and v^c, tlieiefoie, decided to discuss piimaiily the Vg-S time, 
01 the time passing between the beginning of ventiiciilai systole, and the 
aiiival of the pulse wave at a gl^en point on the subclavian arteiy 

As ve shall show, the piesphygmic penod obtained in the usual way 
vanes diiectly as the V^-S time, and, indeed, is nothing but the Vg-S 
time with a faiily constant Ciaction of time siibtiacted The significance 
of the two IS, theiefoie, the same, and, in spite of the doubtful accniacy 
of the piesplwgmic jiciiod, we haie in eieiy case detei mined it, and have 
tabulated it, together with the V^-S time 

METHOD 

The tiacmgs veie all made with the Jacquet sphygmogi aph, lunning 
at high speed, i c , 1 cm = 1/5 second Unless otheiwise stated, the 
patients weie all in the lecumbcnt position, and usuall}" tinned slightly 
towaid the left side, in oidei to obtain the best possible eaidiogiam 
Simultaneous tiacmgs weie made of the apex boat, subclaMan or caiotid, 
and ladial pulses AYlien possible, we used the subclavian in piefeience 
to the caiotid pulse Tlie site selected was eithei on the subclaMan aiteiy 

^ El om the Second Medical Clime Munich Pi of Fiiediich ^ IMullei diiectoi 
Submitted foi publication Apiil n, 1913 
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aboAG llic cJaMcle 10 to 11 cm i'lom tlic ‘•ecoiid cc^lo^-tcmal ■|iinctioii, oi 
on the caiotid an aAoiagc distance ol 1 5 cm Jioin the sune point 

When sati<?factoi tiacings liad been obtained, loot-point^ of lecpiiied 
^^a^e'' ^^eie maiked ofl on tlie time-line Mitli a pan of calipei': and inoas- 
med, and, to toiiect any eiioi dne to ‘•liglit ^al]atlon‘; o( ‘speed, eaeli 1/5 
=econd dnision of the tune line ]nvol\ed Mas al^so niea^-nied, and ni thie 
May exact tunes computed In oidei to insme an accuiate a^eiage a 
ninnbei of measniements of each icfjniied in tonal M^as made in c\en 



l^'ig 1 — Case 15 SIiows a cauliogi nn m winch a jngulai liacuig (Incing 2) 
helps to identify the conoct foot iioint 

instance except in ariliythmias, Mdieie this is obMonsl} nnpo=sible, and 
miles'! the gieatest vaiiation M\as so slight as to fall Mntlnn the limits of 
technical eiioi, the tiaeings Meic discaided The limit of teclinical eiroi 
M^e called 01 second 

It IS veiy haid in the inajoiit} of ca'ses to obtain tiacings in Mdiich the 
caidiogiani and tMo pulses aie all ‘sufficiently definite and have shaip 





1 ig 2 — Case 15 Ihe “a” wa\e in the jugulai tiacing identifies the point 
Vs as the eoiiect beginning of the iipstioke in the caidiogiaiii That this point 
eoiiicides with Vs m liaciiig 1 is pioMd b\ the fact that the V, — E times aie 
the same in both tractings 

enough foot-points to use foi puiposes of measuiement The chief diffi- 
culty IS peihaps encounteied, as otheis^ lla^e pointed out in getting a 
eaidiogiani in Mduch theie is a sliaip foot-point, and about Mdiich tlieie 
IS no doubt as to Mdieie the tiue upstioke begins This is paiticulaih 

1 Eobinson, G C and Diapei G A stiuh of the Piesphygniic Peiiod of 
the He'll t 7iic ARCrrni s Jvi jMj n 1910 ^ 109 
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liaid and, m fact, asiialh'' impossible when the ‘^‘^anrieiilai dip" is eitliei 
\eiy laige, oi absent Occasionally simnltaneons jngiilai tiacmgs may 
settle the question (see Tiacmgs 1 and 2), bnl as a inle, such caidio- 
giams must be excluded 

The Veniiiculai Sij<^iole-8ubclavian (Y^-S) and VenlncuJai Sijslole- 

CaioUd (V^~C) Tnieivah 

The Ys-S time is obtained b}' niakiug a sjmiiltaneons tiacmg of the 
apex beat and subclavian pulse, and calculating the lime between the two 
foot-points ill the manimi dcsciibed above The Ys-C time is obtained m 
exactly the same way, except that the caiotid pulse is used in place of the 
‘JubelaMan The diffeieiice between the two is veiy small — the Ys-S 
time a\eiaging 005 to 006 second less than the Y^-C time — which is of 
no piaetical impoitanee, tying, as it does, within the limits of teehmcal 
eiioi YY found the AtyS time the moie saiisfactoiv and hate used it 
thioughout, unless otheiwise stated 

The A^,~S time lepiesents the piesphyraic peiiod plus the time taken 
by the pulse to tiavel fiom the aoitic valves to the leceivei on the sub- 
claiian aiteiy Ahiiiatioiis in length may, theicfoie. lepiesent changes 
in the piesphjmic peiiod oi pulse speed, oi both It has commonly been 
assiimecl that the pi espli 3 ’'gmic peiiod was the mam factoi, and that the 
changes due to pulse speed could be ignoied Keid- held that the AT-C 
lime and piesphygmic peiiod lan paiallel, vaiiations of one coiiespondmg 
accuiately to vaiiations of the othei It seems, indeed, unlikely, as Keyt 
suggested, that the pulse m tiaielmg 16 cm, ivhich should take only 
about 021 second, could vaiv m speed sufficiently to cause any significant 
change m the AY-C time 


The Telation of the Piesphi/gnnc Fenod lo ihe Tune 

Pieiious obseiieis" have laiigecl the noimal piesphygmic iieriod vaii- 
oiisly fioni 02 to 154 second The methods most commonly used have 
been (a) Measuiement of the a'^cendmg limb of the caidiogiam fiom 


2 Keyt Splijguiogiapliy and Caidiogiap]iy Ncm" Yoik and London 1887 

3 Foi lefeionces see Robinson and Diapei (Note 1 ) 


Obsei vei 

P P in 
Seconds 

Obsei vei 


P P 111 
Seconds 

Jacqnet and Metznei 

02 -—03 

Rive 


073 

Sclimidt 

02 —04 

Hilbeit 


00 — 12 

Mullei 

025— 07 

Hocebans 


07 —10 

Reck 

045— OG 

Mai tins 


07 —14 

Tigei stedt 

051 

Liieiam 


OS — 10 

Keyt 

00 

Von ZiGinssen 

and Ma\i 


Huithle 

00 

niovitcli 


08 —17 

Emtboveu and Geluk 

06 

Landois 


085 

Gi unmacli 

07 

Edgi en 


087— 093 

Van Juigen 

07 

Eilaiigei 


12 —18 



Robinson and 

Diapei 

07 —085 
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the foot-point to notch (b) calculation fioni tiacings of the pulse and 
the exposed heait, (c) ineasni einent of the E-^^a■se of aoitic anenivsm 
(cl) obtaining the time between the fooi-point of ihe caidiogiain and the 
pnPation of aneniv'^m of the a'^ccnding aoita (piohahly the nio'st accniate 
method) , (e) ealenlation fiom tiacings of the apex beat and the caiotid 
01 suhclaiian pulse, with oi without collection foi the time of pulse 
tiansmis'^ion The last, iiitli collection, whicli i*? tlie method mc liaie 
nsed, IS the one adopted by most leceni ob'seiveis, and is piohablv iiith 
the exception of the aneiir-ssin metliod, the most acciiialc 

Simultaneous tiacings aic made of the apex heat, siihclaMan oi 
caiotid, and ladial pulses The pulse 'speed is Ihen obtained fioin the 
S-E, (snbclaxian-i adial) oi (J-E (caiotid-iadial) time and fiom this the 
A-S time (pulse time fiom the aoitic valves to the icceivei on ilie sub- 
claiian) is computed This subti acted fiom the Y^-S time gnes the 
prcsphygmic peiiod The fallac} of this method lies in the assumption 
that the pulse speed is the same in the aim as in the thoiax Though 
hlicolaP thought that the pulse in the aoita and the caiotid altel^ should 
be fastei than in the aim, otheis'^ have shown quite concliisiiely tliat il 1 = 
slowei, and have suggested that in getting the piesphvgmic pciiod too 
little had been subti acted fiom the Y<,-C time That not enough has been 
subti acted theie can be little doubt, and ne have some leason to belieie 
fiom woik subscqueutl'^ done by one of 11 s (Swann), tliat a mucli gieatei 
delay maj occui in the aoita than has heietofoie been snspectccl, and fliai 
the piesph3"gmic period, instead of being noimally 0 07 to 0 085 second 
as we haie detei mined it to be by oui piesent method, may be moie neaih 
0 055 to 0 07 second, which coiiesponds closelj'^ with v Midlci,*’ Peck ' 
Tigeisteclt,® Keyt “ Iluithlc” and Einthoien and Geluk^° IJntil some 
means is deiised foi lecoi cling the opening of the aoitic lalve, the piesent 
method uill piobably remain tlie most accniate at 0111 disposal and ve 
have theiefoie, 111 eveiy case, calculated the piesph 3 ’'gmic peiiod in this 
wa 3 and tabulated it foi eompaiisoii with the icsults of othei obseiieis 

4 Nicolai Handbuch dei Plijsiologie des Menschen Biunswick, 1009 i 787 

5 Keyt (See Note 2) especially Also Grunmacli ■* Kobiiison and Drapei 
(Note 1), and Giniiinacli Uebei die Pulsgescbwindigkeit bei Erkianknngen des 
Circulations Appaiates sowie bei Einwiikung toMSchei Mittel Viicbous Aicb 
f path Aiiat , 1885, cn, 565 

0 V Mullei, F Einige Beobachtiingen ans dem Pei cussionscui s Beil klin 
Wclmscbi , 1895, xn-vm, 783 

7 Reek Giaphiscbe Untei suebungen ubei I'Oimale und patbologiscbo 
Heizstossfoinien Inaug Diss Bonn , 1890 

8 Pigerstedt Die Puls Kuive dei Aoita beiin Menschen Skand Aich f 
Phj siol ,°1908, XX, 249, Eigebn dei Physiol -Weisbaden, 1902 i, Pait 2 253 

9 Huithle Beitrage zui Hxmodynamik Aicb f d ges Physiol (Pfluger’s), 
1891, xlix, 29 

10 Emthoien and Geluk Die Registiiiuiig dei Heiztoiie Aich f d ges 
Physiol (Pflugei’s) 1894, Ivii 617 
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The 8ubclauan -Radial (8-R) Time and Pulse 8peed 
Aftei a caiefiil mvestigation of the suh 3 ect, Keyt- eoncliided that in 
the same individual the pulse speed in a given vessel vaiied but little ivith 
changes of 'pulse rate and othei changes of the cii dilation, though vaij’’- 
ing gieatly in diffeieiit individuals, and somewliat in different vessels of 
the same individual Oui own obsei vations^^ and those of others^- have 
eonfiimed this 

Ifoi computing the pulse speed ive have used, when possible, the sub- 
clavian and ladial pulses, the distance between the two points used 
aiei aging o5 to 56 cm The following tabulation shows the aieiage pulse 
speed foi all our cases with legular heait action 


Aveiage speed — 7 09 nieties pei second, oi 1 nietie in 141 second 

Slowest speed — 4 52 meties pei second, oi 1 inetie in 221 second 

Fastest speed — 10 31 meties pei second, oi 1 inetie in 091 second 

Avei age S-R time — 082 second 
Longest S-R time — 126 second 
Shoitest S-R time — 056 second 


Aveiage A-S time (by calculation) — 015 second 

Longest A-S time (by calculation) — 0219 second 

Shortest A-S time (by calculation) — 0114 second 

Aveiage A-C^® time (by calculation) =021 second 
' It IS evident fiom the above figuies that if Aie subtracted 0 15 second fiom 
the Ts-S time in eveiy case, rve should liar'e piactically the same result as ve 
obtain b^ the present method of detei mining the piesphjgmie peiiod Foi, if 
we substitute 015 second foi the A-S time as calculated in the two gi\en cases, 
which lepiesent the slowest and the fastest pulse speed obtained bv us we hare 
eiiois of only 0030 second and 0069 second icspect’velv, wdiich fall well within 
the limits of technical eiioi 


Othci observers liave given the pulse speed as folloivs 


5 

6 8 
6 15 
6 

9 42 
5 33 

8 33 


meties pei second 
metres pei second 
meties per second 
metres per second 
metres pei second 
meties per second 

20 metres per second 


Keyt = Car otid-i adial 
Eilangei Brachial and radial aiteiies 
Giuiiniach^ Heart to radial 
Huithle^ 

Laiidois” Aim aiteiies 

Jacquet and Metznei fniiomiiiate and caiotid 
aiteiies 

Robinson and Diapei ^ 


11 Iwo exceptions are Cases 17 and 21 in winch the SR time railed dis- 
tinctly with changes of posture 

12 Gar rod, A H Some Points Connected with the Ciieulation of the Blood 
Alined at fiom a Study of the Sphygmogiapli liace Pioc Ror Soc London 
1874, will, 140, also Robinson and Diapei Note 1 

13 Eilangei Caidiogiaras Obtained fiom a Case of Opeiatne Defect in tlie 
Chest Wall Bull Johns Hopkins Ho'5p 1905, \m, 394 

14 Landois Die Lehie rom Aiteiieiipuls Beilin 1872 p 304 

15 Jacquet and Met/nei Caidiogiaphnche Untcisiichungen an iiiicin Palle 
ron Fissuia Steim Deutseli Aich f klin Med 1901 1\\ 57 

10 Kert (Rote 2) made the areiage A-C time 026 second ‘^eicii inches 
tioiii the second intei space Ibis would coiiespond to 022 second 15 cm fiom 
tins point coinciding closelv with oui own figuie« 
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A glance at the aboAo figiiic'' and at Table 1 sbo^is bow AMdely the 
speed bac ^alled in oin dilleicnt eases It sbows^ nioieovei^ a conspicnoiis 
lack of eonfoiniJt} to any mle« It bcais no consiant iclaiion to tlie V^-S 
time,^' 1101 does it lan coii'^islently will) the stiengtli ol systole, lutli ilie 
pnl'?e laie noi -wuli difleionl Nalvnlai lesions In fact;, the on^ iiile 
ybicb does seem to exist is that bigb blood-piessnio piodiiecs a bigb 
speed and Iom blood-piessirc a Iom one I’lnis Case 22, iiitli the slowesl 
spped lias a blood-piessiiic of 05/75, ivlnlc Case 17 iiitli the gieatesl 
speed, lias a piessiiic of 100/170 'Idiis oecins in the ma^ioiit} of cases, 
altlioinib tbeie aio occasional exceptions 

iinsuLTs or eitrsi xt invlstigatiox 
The Noi mat V\-S Tone 

As the Vs-S time vanes sonicMbat in diilcicnt inclnidiials. it is clifii 
cult to set the noinial limits leiv definitely Fiom lesiilts obtained in 
noinial cases, and in cases in winch, tboiigb not cntiiel) noinial theie 
seemed to be no factois winch slioiild affect the Vs-S tnne^ iic baie placed 
the 1101 inal time at fiom 085 to 10 second Oiii noimal piesplngniic 
peiiod would llieii be 015 second less, oi 07 to 085 second, 11111011 cone 
sponds exactly uitb the picspbvgnnc penocl, as set In Eobiiison and 
Diapei ^ 

The Belalwn of ilic ^\-S Tune to JJeait Miuicle Efficiency 

Ceitain abnoimal conditions of the cn dilation produce maikcd and 
faiilv constant lanations in the length of the A'VS tunc Thus, ineffi- 
cient beait muscle and ceitain xahulai lesions tend to lengthen it, ulnle 
artenoscleiosis and othei xahulai lesions tend to shoiten it Tt is 
inaikedly affected b'^ changes in postuie, and somewhat b}'^ extieines of 
pulse piessiiie Ti\o 01 moie of these conditions may occui togethei m 
which case the effect of one ma}^ be inci eased oi offset b}" the effect of 
otlieis 

The question ot the A^s-iS time in its 1 elation to lieait muscle efficiency 
IS inteiestmg, and may be of lalue in diagnosis and piognosis as has 
been suggested by foimei obseiveis ^ As they liaye pointed out, houeiei, 
aiteiioseleiosi '5 and othei distuibing factois winch may coexist, often 
make it impossible to deteiniine insf how much influence any one faetoi 
eseits the A'g-S time theiefoie, being of definite clinical laliie only in 
cases 111 uliicli theie is an absence of distuibing factois Theie can be 
little doubt that the Vs-S tune is lengthened uheneiei the heait muscle 
IS unable to meet the demands put on it, and it is piobablc that an 

17 Iloliiiison “inil Diapei (Xote 1 ) found tlisil in tlien cases it boie no leli 
tion to the piesplngnnc peiiocl 
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abnoinia]!}' long Vs-S time, if tins time Meie alwa^'^s measiiied, 17011101 
often be the hist obtainable eiiclence of impending cardiac failnie Of 
inteiest in thib connection is one of v Miillei’s*' anenl 3 ^sm cases, in which 
the presphigmic peiiod obtained fiom the caidiogiam and aneiiiysmal 
pulsation was 04 to 05 second Foiiiteen da 3 ’'s later the aneui 3 '^sm had 
inci cased in size and the caidiac foice had diminished, and the pie- 



I'lg 3 — Taken with the patient Ijiiig down Shoiis a slight pulsus alteinans 
and also alternate vaiiations in the length of the Vs-S times 

splwgmic peiiod had increased to 07 second In oui cases this lelation- 
shiii of Ys-S time to m 3 oeardial efficienci'- is peihaps best shown in the 
aiih3dhmia5 (Table 3), in which in each given case the Ys-S times var 3 ^ 
according to tlie strength of the piecedmg S 3 ^stole and length of the pre- 
ceding diastole, i e, aceoidmg to the degree of fatigue and leeupeiation 
of the heait muscle 



Fig 4 — Case 21 Taken vith the patient standing Shoiis a niaiked pulsus 
altei nans 

111 the following case laiiations of the time depend entiiel 3 ' on 
the stiength of the piecedmg S 3 stole‘s 

Case 21 — Ihe patient aias 54 "^eais old, a paintei bv occupation He gaae 
a hlstol^ of lues many jeais befoie and of fiae attacks of lead colic He had 
iieaei had iheumatism Foi t^^o jeais he had been unable to do haid moiI 
because of palpitation daspnea and mild anginal jiain 

'Ihe patient aaas not confined to bed, was not da spneic oi caanotic, and ala's 
suffeiing no paiticulai discomtoit Heait Hie apea. impulse aaas seen and 
felt in the fifth 'space 11 cm to the left of the mid-line Diilness cone 
sponded Xo enlaigenient iipaaaid oi to the light aaas made out bv peicussion 
'Ihc hist sound aaas loud the second sounds aaeie cleai Iheie a'eie no accentu- 
ations and no miiiinuis 

M hen the man ala's lung doaaii the puFe aicis SO of good size and foiee at 
tiniess legiilai and at times aeia 'slicrhtla ‘alteinans' in chaiactei When he 
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TABLE 1 — Casks avitii Ei gular Hkvrt Action Ci vssinro According to 

Diagnosis 


Case No 

Age 

Diagnosis 

Blood- 
Pi cssiiie 

Pulse- 

Rate 

CJ 

g 

H 

Ch 

th 

o 

« H 

° O 

M „ 


o 

— ^ o 

A 

35 

Noimal lieait 

Noi mal 


0950 

0890 

0740 

155 

2 

20 

Noimal lieait 

135/105 

70 

0970 

0948 

0787 

146 

3 

20 

Noiinal hcait 

Noi mal 

75 

0800 

0900 

0823 

139 

4 

26 

Aortic leguigitation 

165/125 

75 

0781 

0079 

0556 

137 

5 


Aortic leguigitation 

125/90 

65 

1107 

0891 

0685 

190 

6 

37 

Aoitic leguigitation 

170/115 

63 

0764 

0847 

0687 

127 



Same case standing 


75 

0759 

1100 

0962 

126 

7 

27 

Aoitic reguig nitli 









gieat liypeitiopliy 



1000 

0870 

0690 

185 



Same case standing 



0980 

1010 

0830 

181 

8 

46 

Aoitic leguigitation 









and stenosis 

170/130 

64 

0990 

0927 

0761 

165 

9 

19 

Aoitie leguigitation 









and niitial stenosis 









Avitli lelative le- 









guigitation 

120/90 

80 

0800 

0870 

0730 

148 

10 

36 

Aoitic leguig and 









mitial stenosis 


70 

0954 

1006 

0836 

153 

11 

36 

Aoitic stenosis 

105/70 

45 

0674 

0920 

0813 

110 

12 

29 

Mitral leguigitation 

135/105 

90 

0810 

0917 

0762 

147 

13 

40 

Mitial leguigitation 

125/90 

72 

1052 

1074 

0872 

166 

14 

37 

Mitial leguigitation 

90/60 

60 

0974 

1115 

0941 

157 

15 

17 

Mitial leguigitation 

118/70 

SO 

0685 

1109 

1004 

US 

16 

26 

Miti al 1 egui gitation 









and stenosis 

120/90 

100 

0708 

1113 

0988 

131 

17 

42 

“Beei heait, ’ foi- 









meily acute dila 









tation , now com 









pensated 

190/170 

60 

0604 

1175 

1061 

114 



Same case standing 

170/155 

00 

0563 

1547 

1450 

097 

IS 

32 

Clii diffuse nepb , 









cai diac li y p e i 









tiopliy 


100 

0508 

0849 

0759 

OSS 

19 

27 

Piobable patent due- 









tiis ai tei losus 


68 

0978 

0895 

0728 

153 

20 

60' 

Coionaiy scleiosis 








1 

n itli ang pectoi is 

120/75 

85 

0732 

0826 

0714 

112 

21 

1 54 

jNIyocai ditis 








1 

and aiteiioscleiosis. 








1 

elii onic plumbism. 








1 

pulsus alteinans 

155/120 

80 

0826 

0828 

0676 

137 



Same case standing 

135/100 

120 

0590 

1381 

1283 

098 

22 

1 

Convalescent f i o ni 








1 

acute tonsillitis 

95/75 

68 

1260 

0735 

0504 

221 


SR lime = time taken kj pulse uaAe to tia\el fiom subclavian to laclial 
aitei j 

Vs S Time = Ventiiculai sj stole — subclavian inteiAal 
Vs C Time = A^entriculai sjstole — caiotid intei\al 
P P =; Pi espln gmic peiiocl 
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stood up the pulse lose to 120, became maikedly “alteinans” and thus lemamed 
as long as the patient was standing The ladial aiteiy was much thickened 
Foi blood-piessuies see Table 2 

The diagnosis was chioiiic phimbism, aiteiioscleiosis and niyocaiditis 
Tiacings taken with the patient lying down (Fig 3), showed a slightlj”^ altei- 
natiiig ladial 2 Hilse, and a Vs S time which also alternated in length, being 0074 
second shoitei with the stiong beats than with the weak ones, a diffeience which 
though veiy slight uas constant 



Fig 5 — Case 21 laken with the jiatient standing Shous a inaiked pulsus 
alteinans and gieat alternate vaiiations in the length of the Vs S times 

liacings taken with the patient standing (Figs 4 and 5), showed a stiikiiig 
mciease in these diffeiences, foi not only was the chaiactei of the ladial pulse 
aceenutuated, but the Vs-S time had an aveiage alternation of 042 second, a 
variation moie than fiic times as gieat as that obtained with the jiatient lying 
down (Table 2 ) 


TABLE 2 — Case 21 JIyocakditis and Arteriosclerosis, Chronic Pll'Hbism 

Pulsus Alternans 


Position 

Blood Piessuie 

Pulse 

Rate 


GJ 

s 

bc 

S 32 

0) 

o 

CO 

s 

> 

Dillei ence 

Aim 


Lj ing 

155/120 

210/140 

80 

1 Avitli veak beats 

0843 

0706 


Lying 

155/120 

210/140 

! 

with stiong beats 

0769 

0632 

0074 

Standing 

1 

135/100 

250/ ’ 


with weak beats 

1591 

1493 


j 

Standing 

j 

1 j 

1 135/100 1 

1 

250/ ’ 

120 i 

with stiong beats 

1171 

1073 

0420 


Table 2 shows a case with weakened eontiactility, in uhich the diastoles aie 
equal, and the vaiiations in the Vs S time depend entiiely on the stiength of the 
pieceding sj stole It is an inteiesting fact that the alternate vaiiations of the 
Vs-S time aie gieath inei eased -tthen the patient is standing The mean lengthen 
ing which IS jiiesent on standing oecuis to some degiee in all cases and vill be 
fullv deseiibed latei 

In this case, theiefoie, wheie there is eveiy reason to suspect a heait 
muscle with impaned coiitiactility, we haie a Vs-S time which alternates 
m length — the length evident!} depending entiiel} on the amount of 
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foice expended in llic pieccding '?AS<oJe TJic diastoles m tins ca^e play 
no lole, loi, althongli at iiist sight they ap]ieai to alternate in length, they 
piove on actual ineasuiement to be equal, the appaient sanations being 
due to cliffeiences in the V^-S tune ’’’ 

lABLE 3 — SHO^\I^G Vaiua'iions in am V, S Ini; 


o 

o 

CO 

ci 

r \ 

Age 

# 

Diagnosis 

Blood 

Pi OSSlll c 

Pulse-Rate 

Pi eceding 

Sn stole 

to o 

S 'o 

c? 

c 

f>4 - 

1 

R-Pv Tune 

00 

1 

25 

^Mitial leguigita 

12)/90 

00 

s 

272 

140 

128 

070 



tioii and ste 



W 

184 

130 

110 

081 



nosis aiiiicnlai 



W 

1S7 

120 

113 

070 



fibi illation 



s 

322 

120 

108 

009 






X — 


— 








w 

510 

000 

084 

07? 






w 

615 

006 

084 

008 







517 

006 

082 

080 






s 

023 

090 

077 

078 







588 

080 

072 

084 

24 

60 

Aoitic legiugita 

160/85 

lOO 

s 


200 

100 

053 



tion aiteiio 



s 

125 

171 

150 

060 



scleiosis, cai- 



55' 

131 

159 

140 

048 



diac dilatation 



S 

171 

158 

149 

048 



aiiiiculai fibiil 



55' 

mm 

141 

132 

040 



lation 



5V 

Hi| 

131 

122 

051 






X — 


— 








55’ 

520 

114 

104 

051 






55’ 

701 

110 

000 

000 






55’ 

432 

107 

008 

048 







553 

100 

007 

048 






55 

078 

102 

092 

051 

25 

40 

A 0 e a 1 d 1 1 1 - 

126/105 

70 

R — 

381 

140 

128 

063 



aiiiiculai fibiil 



S — 

300 

132 

120 

000 



lation 



S- 

473 

127 

110 

000 






R — 

534 

127 

110 

004 






55 

130 

120 

114 

0 08 






X ~ 










S — 


105 

005 

050 






w 

770 

092 

081 

060 

26 

47 

Mitial leguigita 


114 

S -f 

310 

155 

140 

071 



tion and pos 



5V + 

234 

138 

126 

071 



sible niitial ste 

■ 


s — 


129 

118 

071 



nosis aniKiilai 



55’ 

322 

118 

108 

005 



hbi illation 



55' 

314 

118 

100 

075 






\ 



.. .. 



1 

1 



W 




075 


1 

1 

1 

! 

i 



s — 

730 

080 

077 

075 


IS Diastoles liaAC been cletei mined In ineasunng fiom tlie loi.est pait of the 
diciotie notch of the subclaiian oi eaiotid tncings to the following foot-point 
end deducting the piesplnginic peiiod The diastoles in this case aieiage 218 
=ccoiul befoic tlie ncak beats and 210 second befoie the stioiig ones this slight 
b'-iiepanci being piobabh due to technical eiioi Without collection thei 
alteinan In a difliience of 05 second 
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TABLE j — CoxTiXLH) 


Case -No 

o 

£C 

< 

Diagnosis 

Blood- 
Pi essme 

pi 

t 

CC 

S cr 
o >• 

Pieceding 

Diastole 

o 

g 

o " 

1 

c 

pi 

1 

K 

27 

72 1 

! 

l\Docaiditis and 

1 

210/100 

i 

90 

1 

s 

i 

220 

110 

i 

100 

059 


1 

aitenosclei osis. 



i ^ 

220 

108 

098 

049 


! 

auncnlai fibnl- 



i W-f 

287 

101 

093 

048 



lition 



s 

299 

100 

091 

051 




! 


s 

311 

098 

080 

053 






X — j 

1 









w 

330 

089 

080 

051 



! 

! 


s 

784 

080 

076 I 

057 






s 

435 

084 

075 

053 


! 




-+ 

407 

082 

073 

050 






s 

528 

082 

072 

059 






i 

349 

08ff 

071 

053 






W-f 

300 

078 

[ 070 

047 

28 ‘ 

09 

MAOcaiditis and 

135/125 

70 

s 

230 

090 

080 

090 

1 


aitenoscleiosi® 



s 

274 

082 

006 

090 



aiinculai fibnl 



s 

370 

079 

064 

080 



1 lation 



w 

522 

072 

058 

082 


1 

1 



w + 

425 

009 

055 

082 



1 

j 


w 

505 

071 

055 

090 


1 

1 

1 


w 

500 

008 

054 

080 



1 

! 


s 

552 

005 

048 

098 

29 

07 

1 

j IMitial legiugita- 

145/120 

98 

w-f 

194 

095 

080 

050 



j tion aiteno- 



s — 

325 

084 

075 

055 



1 scleiosis annc 



w 

200 

080 

070 

059 



j iilai fibnlla- 



s 

1 331 

07S 1 

009 

055 



1 tion 



s — 

373 

074 

007 

045 



1 

I 


s 

273 

074 

006 

049 



1 

! 

1 

! 


S-— 

457 

071 

002 

051 


Table 3 shows maikeJ -sanations of the Vs-S time depending on the lengtli 
of the pieeeding diastole and the stiength of the pieceding svstole 

In Cases 23 to 2G point “\” denotes tlie shoitest diastole which seems to be 
lequiied foi the heait to legain its full powei Below this point OAeii with 
longei diastoles the Vs-S time vanes but little 

The 11 ean Vs-S tune is long except in cases in which aitenoscleiosis is a 
inaiked factoi as in Ca«es 27 28 and 29 

Tlie sanation of the S-K time is laigeh due to technical enoi which on 
account of the extieme difficultv of getting shaip ladial foot-poiiits is bound 
to be somewhat gieatei than in ca«es with legulai heait action 


AIJRIIYTIIJIIAS 

Aftei much clifiiculh we obtained satisfactoiy {laciiigs in ?e\en cases 
of absolute aii]i}thmia In each case the T^-S time vaiied widel} in 
difleient cul^es eMdenth depending on the degiee to wliicli the heart 
e.xhausted itself in systole and in tiiin leciipeiated in diastole Oui 
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Widest laiiation m any one ca'^e i\as I'lom 102 to 200 seconds — the 1V8 
time thns iieaily doubling itself (Ca'sc 24) We found, as pointed out in 
legaid to tlie piesphygmic peiiod by Eobinson and Di-apei/ tliat tlie 
length ot tlie Y^-S time seemed to depend on 

(a) 'Ibe length of the piocodiiig diastole, i c, the slioitei the diastole, the 
longei the Vs S tune 

(b) The stiength of the pieceding sa stole oi stoles, i e the nioic foice 
expended, the longei Avoukl be the folloning Vs S tune 'Jins is shonii in 
'table 3 


111 Table 3 it is seen that a'J diastole glows shoitei tlie Ys-S 
time lapidl] lengthens Tlie opposite, lioiveiei seems to hold good onh 
to a ceitain point Some of oui tiacings stiongly suggest that aftei a 
diastole of a ceitam length the heait ha^; icco\eied its full ability, and 
that what slight shoiteuing of the Y^-S time occuis aftci diastoles of 
still gieatei length may be due alone to fuithei loweiuig of end diastolic 
pi essni c 
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big 6 — Case 24, sllo^^^ng lelation of Vs S time to length of pieceding 
diastole and foice of pieceding sistole “S” denotes stioiig, “W” denotes Aveak 
pieceding sj stole Point “X” niaiks the shoitest diastole which is appaieiith 
nccessaiy foi the heart to legain its full poAiei It is seen tliat to the left of this 
point the Vs S tune is.fanly constant, wheieas, to the light it A'aiies Avidelj, 
accoiding to the length of diastole and stiength of pieceding systole 


Yol example, m Case 23 m Table 3, this point is seen to lie at “x’’ 

1 e, somewheie betATCen a diastole of 322 and 516 second Abot^e this 
line, folloAvmg diastoles of less than 322 second, the Y^-S time vanes 
AVidely as diastole and foice of systole cliange, wdieieas, beloAv the line 
with diastoles aboAo 516 second, they vaiy but little Again, in Case 27 
this point seems to lie between diastoles of 311 and 330 second In 
Case 24 it lies between 314 and 432 second 

In all thiee of these cases, theiefoie, the time lequiied foi complete 
lecupeiation appears to lie betw^een 311 and 526 second, and, if even 
hea’l weie the same, we might place it between 322 and 330 second 
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Theie can be little doubt, liowevei, that diffeient heaits vary consideiably 
in this lespect, as in the othei cases ive weie unable to locate this pond 
as definitely 
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Fiji 7 — Case 23 Slio\Mng the infliieiiee of the piececlmg diastole on the 
length of the Vs-C time 


Cm 1 e 

2 

Vs C= 12G 

sec 

Diastole= 31 1 

sec 

C-E= 

068 

sec 

Cm ^ e 

1 

Vs-C =120 

sec 

Diastole= 340 

sec 

C-E= 

OGG 

sec 

Cm \ e 

3 

Vs ( = 098 

sec 

Diasto]e= 776 

sec 

C-E= 

0G8 

sec 


/+/> ♦X 




Tuf 


* 


A 

I - 





Ing S Case 23 Venous tiacing, shoeing absence of “A’ ^\a^e 





— y 

/). i .1 

vj j- o « 

big 0 — Case 24, shoeing the ii.fluence of the pieceding diastole on the length 
of the Vs-S tune 

Cuive 2 VsS=170 sec Diastole^ 125 sec S-E= OGCT sec 

Cune 1 Vs-S=:131 sec Diastole=314 sec S-E=051 sec 

Clll^e 3 VsS=110 sec Diastole=7Gl sec SE=0G0 sec 

In-fiuence of Postuie on the Time 

To asceitain the effect ot postnie on the Vg-S time, tiacings weie fiist 
taken with the patient hiug dovn The patient then stood vith his aim 
extended so that ihe foieaim la-^ at the lei el of the apex impulse he 
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lemamed ‘standing loi ten minnte<5, when tiaciiig>5 noio again made ^Yc 
succeeded in getting satiefactoiy tiacingb ot file ca«e« In c\eiy case the 
V,-S time Mas detinitclv lengthened uhen the patient Mac ‘•landing 
(Table ±) 

TABLE 4 — Pvi'iPMS Lmnc. AM) Si \M)1 ag 


n 

Diagnosis 

Blood- 

Piessuic 

^ 3 

y ^ 


w 

V 

— 

Z) 

5 

S 

17 

“Beci heait,” foimcih 



1 

1 

i 

1 

1 



acute dilatation, now 

i 


1 





compensated 

t 100/170 

()0 1 

1 1175 


1001 



(Same case standing) 

1 170/1)0 

GO 

1347 1 

1 

0372 

1450 

0389 

21 

Maocaiditis and aiteiio 

1 

1 

i 

1 

1 





seleiosis chi onic 








pliimbism , pulsus 








alteinaiis 

1j)/ 120 i 

SO 

0S2S 


0G7G 


1 

(Same case standing) 

135/100 

120 

13S1 

0553 

1283 

0607 

7 1 

1 

Aoitie leguigitation, 








1 itli gieat hjpei- 







1 

1 tiophy 



0870 


0090 



1 (Same case standing) 



1010 

0140 

0830 

0110 

') 

Aoitie leguigitation and 








initial stenosis (with 








lelatne leguigitation) 

120/00 

SO 

0870 


0730 



(Same case standing) 


SO 

1020 

0150 

0880 

0150 

fl 

Aortic leguigitation 

1 170/115 

GO 

0847 


OG87 



1 (Same case standing) 

1 

i 

1 

75 

1100 

0253 

00G2 

0275 


The ^ s-S time is in e)ei^ case loiigei in the meet than in the lecuinhent 
position the gieatest cinnge in the V., S tune is seen in Cases 17 and 21 evlnch 
liad no Aalvulai lesions, but uhose heaits ueie clinicallv considoied to be the 
least competent The possible piognostic Aalne of this inaiked change in the 
NT S time is olnnons 


It i^- intcie«ting to note that the tivo heaits — Cases 17 and 31 — 
which had no valvulai lesions, hut ivliieh ive had leason to legard clin- 
ically as the least competent, shoM'- much the gieatest lengthening of the 
V,,-S time (lespectively 0373 and 0553 second), ivlieieas the heaits 
Mhich, in spite of maiked laliulai lesions, seemed to liaie iilenty of 
leseiie foire (Cases 6, 7 and 9), shoiv a lengthening of only Old to 035 
second Though ue hate leason to heliete, fiom tiacings obtained on 
noimal cases standing, that a model ate lengthening of the Ys-S time 
constaiilh oceuis, ne iveie unfoitunatel} not able to obtain figiiies ndiicli 
ueie acciiiate enough to lecoid The subject, hoiveiei, should be fiiithei 
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inxestigaicd, foi it i^ piobabic tliat a maikcd lengthening — such a^ ip 
« een in (ki^es 17 and 21 — might pio\e to be of gieat piognostic \alne 
'Wlietliei tins lengthening of ihc Ys-S time is due to a change in the 
piesplngmic peiiod, oi to delay ot the puKe in the aoita we aie not 
piepaied to say defimtelv. though we Lhink that the pie^ilngmic peiiod 
IS piobably the main Lactoi 'J’he S-ll time, though in thiee cases 
unaflected by postiiie^ uas in the othei tuo «omeivhat shoitei uhen the 



Fig 10 — Case 17 laken with the patient bing Aveiage A’s-S time 
1175 second 

patients tveie standing Tins means that, if theie is any difleience, the 
speed ot the pul«e m the aim is somewhat gieatei when standing than 
when lying down, and we ivoiild, theietoie, not expect the speed in the 
aoita to be ^ust the leieise This point, howevei, is not at all ceitain 
As an explanation of the lengthening of the Ys-S time, we suggest 
that it IS due to a sudden inciease in the woik imposed on the heait 



I'lg 11 — Case 17 Patient standing Sliows maiked lengtliening of A's-S 
time A^elage \ >i S time non 1547 second 

Inasmuch a^? Ihe leiious column of blood fiom the level of the heait douii. 
IS lieaMei m the elect postuic than the aiteiial column, a« the expcii- 
ment'! ol ilosso’** hate «hot\n it to be, it is obtious that, to maintain the 
ciiculatioii the heait has to tioik against giealei le'^istance This would 
tend to lengthen the piesplnginic penod and Ys-S time and especiolh 
Mould thi« be the ca«e uhen a lieait uitli little ie«ene Ma« not cpiite equal 

19 iIos«o Application de li lialince a 1 Ctude de la ciicnlition dii '•ang clie? 
1 liomme Aich Ttal d biol 1884 \ 130 
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to the task imposed on it In teims of blood-pies«uie, thi‘' is ecpiallv 
tine Table 1 sbons some i elation ni the length of the time to 
diastolie piessiiie, and a faiily constant i elation to pulse piessnie, a loi\ 
pulse piessiiie being associated Mitb a long A"^-S time and iice leisa 
The caiefnl miestigation of the efTect of postnie on blood-piessnie bv 



Fig 12 — Case G Aortic legurgitation Good compensation Falieiit l\ing 
Aveiage Vs S tmie=: 0847 second 



I'lg 13 — Case G Patient standing Slioiis niodeiate lengthening of the 
Vs S time, aieiaging 1100 second 



Fig 14 — Case 14 Mitral regurgitation Aveiage Vs S time= 1115 second 
See also Tiaciiig 11, Case G, Aoitic llegiii gitation Aieiage Vs S tmie= 0847 
second 

Erlangei and Hookei-” has shown that, when accuiate deteimiua- 
tions aie made, the diastolic piessiiie is usually liigliei, and the pulse 
piessiiie iniariahly lowei in the erecl than in ihe recumbent position 
We should, theiefoie, lationally expect to find the V^-S time lengthened, 
if affected at all, in the elect postiiie 


20 Eilangei and Hookei Johns Hopkins Hosp Rep, 1904, xii 
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The Ejfect of Yaliulai Lesions on the V^-S Tune 
PiGMOiis obseiveis liave diffeied as to the effect of vaiioiis ^ahe 
lesions on the V, 5 -S time and piesphygmic peiiod Oui lesnlts go to 
show that, quite apait flora othei factois. aortic leguigitation tends to 
shoiteii and initial lesions to lengthen the V^-S time Thus, in four 
cases of aoitic leguigitation, the Y^-S times weie eithei below oi neai 
the lower limits of noimal, udiile in ffie initial cases the times weie all, 
with one exception, well above noimal The aieiages (see Table 5) show 
such stiikmg diffeiences that one is foiced to believe that the V^-S time 
IS definitely affected by the natuic of the lesion itself, as well as by the 
condition of the heait muscle 

TABLE 5 — Casus with Bugular Heart Action, Classified According uo 

Length of Vs S Tmic 


Diagnosis 

No oi 
Cases 

Avei age 
lime 

Avei age 

V F 

“Beei hcait”, fonneily acute dilatation 
Now compensated 

1 

117,5 

HI 

Mitial leguigitation and stenosis 

1 

1113 : 


iMitial leguigitation 

4 

1053 


Aoitic leguigitation and initial stenosis 

2 

0068 


Noimal heait 

3 

0932 


Aoitic leguigitation and stenosis 

] 

0927 


Aoitic stenosis 

I 1 

0020 

0810 

Piobable patent ductus aiteiiosus 

1 i 

0875 

0728 

Chionic diffuse iiephiitis, caidiac Inpci- 
ti ophy 

1 

' 1 

0849 

0750 

Myocaiditis and aiteiio^eleiosis chioiiic 
plunibisni, pulsus alteinans 

1 1 

' 0828 

0670 

Coionaiy scleiosis and angina pectoiis 

' 1 

0826 

071 1 

Aoitic leguigitation 

1 ^ 

0822 

0054 

Coinalescent fioiii acute tonsilitis 

I 

0733 

0504 


Tabic 5 sliOMS the eftect of valAOilai lesions on the Ys S tune It is seen that 
m initial cases the avciage is ahoie noimal, nhile in cases of aoitic leguigita- 
tioii it IS below noimal In Ihe eases of aoitic stenosis and congenital hoait 
disease, the lesion seems to haie had little oi no effect 


21 Kc>t (Note 2) held that the Vs C time nas shoitci in aoitic leguigita- 
tion than in anv othei condition, e\cept in fevei cases nith lapidly acting heaits, 
and that theoieticallv it should be lengthened in initial lesions although he had 
not estimated it in anj such cases Hilbeit (Beitiag zui Deutung dei Hei/stos- 
seui\e Ztschi f klin Mod, 18hl, \j\, Supiilement, 153), on the othei hand 
thought the piespliYgniic peiiod iinaftected In the lesion in heaits nitli good 
(.onipensation Hochhaus (Beitiage /in Caidiogiaphie Aich f evpei Patli n 
I’haimakol, 1803. \\\i 405, Uebei fiustiane Hei/ikontiaktionen, Muncheii 

med Wchiisclii 1907 In, 401) found that in all his cases of mitial leguigita- 
tion and initial stenosis the piesplngniic peiiod fell within noimal limits (He 
gnes as normal 07-10 second) Eobiiison and DiapeC concluded that the 
length of the pies 2 ih-sgniic peiiod depended nioie on tlie abihtj of the heait to 
meet demands than on the lesion itself 
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Muioi Points PcaanhiKj the T\-^' Tunc 

A maiked clegiec oi ai tei] 0 ''C]eiosis iciulb lo ‘•lioiieii the Vs-S tune 
This obseiiation Ma<' inaclc bi Koliiiisoii and JJiapoi^ in legaid lo liio 
piespliygmic peiiod Oni ca‘-cs liaxc confinned a^- is <51101111 In ('a‘^c 
21 m Table 1, and Ca'^e's 27, 28 and 2b in Table 1 

'We ioiiiid that llie V.,-S tune boie no comlant 1 elation lo jiiiKe lale -- 
Tbongb llie effoel of blood-i)iO''cnio i*' not a‘' fonslanl a« iie niiglit 
expect, 0111 ca^-C'c sboiied <-01110 lelaiion ol llie A\->S lime lo diaclolie 
pre< 5 Siiie«, and lbi<i lelaliondii]) iia^- ino^l dcbnile in (a^-cx- iiitb a inaiked 
difteience betiveeii llie < 53 ''lolit and dnniolie jiies'^uie (bigb jiiiko pie<- 
siiie) in iibicli ca^e<- ive neaili aliiai<- obtained a <511011 V^-S lime 

One iniglil e.\p('cl llial a '-jilil 0 i\aic in llie ^ngnlai liacing -Monld 
be a=:‘5oe]aled Milb a long AT-S lime and pie<'plngmic poiiod Inacinncb 
a<5 the fii<5t part of the ‘•plil iiaie — the “VK ' Ma\o ol llie Geinian« — 
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iMg 15 — Case 11 Aoitic «teno«is A\eiage V» S tiine= 0020 second 

is piobably due to impact on the tiicu^-pid bajis cxeitcd in eailv len- 
tiicular sj'stole, and is <=epaialed fiom the o])ening of the aoitic vahe<- 
b}^ a portion of the pie<5]ibygniic peiiod, ive <5bonld expect, in tbe case of 
a long inespbvginic peiiod to baie a nell-inaiked “VK-C’' intenal In 
none of oni case<5, lioiieioi, irlncli ‘-lioiied a ‘^plit “C ’ iiaic in the ingnlai 
tiaeing, yas tbcie a time oi ])ie‘'pbvgmic peiiod above noimal 

(See Table 6 ) 


COXGl usioxs 

1 The noimal A^^-S lime is fioni 085 to 10 second It laiies 
nidely in ceitain abnoimal conditions of tbe beait and circulation 

2 Tbe piespb^^gmic peiiod, as deteimiiied bv calculation fioni 
simnltaneoiis tiacings of tbe apex,jieat, subclavian and ladial pulses, is 
about 015 second shoitei tbaii'ilid AVS time, and iiiiis paiallel to it, 

22 llioiigh Caiiod {Note 12) tlioiiglit lliat the picsplngnnc peiiod w is slioit 
111 cases vitli a lapul pulse late and ^^ce teisa, oiii ca«es failed to show any con 
stant lelationship between the pulse late and the Ys S time Oiii ohseivations 
agiee with those pieMonsh made in legaid to the piesplngiiiic peiiod In Iluithle 
(Note 9) and bv llohinson and Diapei (Xotc 1) 
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vaiiations in one faiilv acciiiately lepieseuting vaiiations m the other 
We doubt the accniacv of the piesphvgmic peiiod as obtained by this 
raetliod and Jiope to settle this point moie definitelv in fiitineijiYOih 

3 Tn cases of aiincnlai hbiillation tlie \aiiations in the Vs-S tune 
depend on (a) the lengih of the pieceding diastole, and (b) the stiength 
of the pieceding s}stole oi systoles, being longest aftei a shoit diastole, 
and a stiong systole, and vue veiFa Aftei diastoles of a ceitain length 
howe^el, the lengtli of the A%-S time vanes little or not at all Fiom 
tig 111 es obtained in thiee cases, the length of diastole necessaiy foi com- 
plete lest appaiently lay between 322 and 330 second 

4 In cases of biohen compensation, the mean W-S time was invaii- 
ahly lengthened, excejit when a maiked degiee of aiteiioscleiosis was 
piesent It is piohable that, vdieii no distiiibing factois coexist, tlie 
length of the time may be of value in estimating the capability of 
the heait muscle 

TABLE 6— -Snows That v Split “C” Wa\f m am Juguiar Iracings Was 
Not Associatio) With a Lfxgiiienli) Vs-S Timl 

Case 1 Aveiage VK-C inteiva]= 032 Vs S — 0890 P P 
Aveiage A -C inleival=205 

Ca&e 8 Aieiage VK C inteival= 012 Vs S = 0927 P P 

Case 12 A\eiage VK-C inteiva]= 029 Vs-S= 0917 P P 
Aveiage A -C inteival=: 181 

Case 19 Aveiage VK-C inleival=: 053 Vs-S = 0895 P P 
A^elage A -C iiitei val = 277 

5 In eveiy one of hie cases on which tiacings weie taken with the 
patients lying and standing, the A^^-S time was definitely longei in the 
elect postuie As by fai the gieatest lengtliening occiiiied in the two 
cases which weie clinically legaided as having the least competent lieaits, 
it IS piohable ihat the degiee of lengthening may pi me to be of lahie in 
piognosis 

G Aoiiie legnigitation shoitens, and initial lalve lesions lengthen, 
the Vs-S time Combined lesions, haiiiig opposite effects, tend to offset 
one aiiothei 

7 A maiked degiee of aiteiioscleiosis shoitens the AV-S time 

8 The lelation of the A'^s-S time to blood-pies^Juie is not constant 
It tends, howeiei, to become shoitened when the pulse piessuie is high, 
especially if at the same time, the diastolic piessuie is low The opposite 
also liolds good 

9 Split vaies in tlie pigulai tiacings weie not asc;ociated with 
abnoimally long A\-S times 

10 The speed of the pulse vaie in the aim laiies vith exti ernes of 
blood-picssuies, being fastei in cases with high, and slovei in cases with 
low, blood-piessine 'Phis lelatioiiship howeiei is not constant Xo 


= 0740 

= 0701 
= 0810 

= 0728 
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olhei - factoi s seem lo liave-anv clefimie &fteci on the' pnl'ie speed 
Although at vanes -widely in difleieni indnidnal^ il is iieail-^ always 
eon.staiit in a given A’es&el o£ the ^aino indiMdiial 

III conclusion we wish to expiess oin thanks to Piofossoi Fiicduch i ^lullei 
foi the splendid inateiial afloided us, and to Di Einst Edens foi his aid in tlie 
inteipietations of tiacings and foi iiianv helpful suggestions We also wish to 
thank the assistants of the Second Medical Clinic foi niaiij coiiitesies extended 
to us in the waids 

124 East Sixtx Fust Stieet — 515 Paik Axenue 



THE KELATIOH OP THE HYPOPHYSIS TO OEOWTH AND 
THE EFFECT OF FEEDING ANTEEIOE AND 
POSTEEIOE LOBE ' 

DEAN D LEWIS, MD, ArcD JOSEPH L MILLEE, MD 

CHICAGO 

As obseiveci b}'- the clinician, tlieie aie two clinical entities, both dis- 
tiiibances of giowtli, asciibed to clistuibed functioning of the hypophysis 
One IS aciomegaly chaiacteiized by enlargement of ceitain bones, the 
othei, delayed development with adiposity and genital atiophy When 
the foiniei oecuis in eaily life, gigantism lesults, when it fiist appeals 
after matin it}^, enlaigenient of only ceitain poitions of the bony skeleton 
IS obseiveci In the othei type, when the distnibance appeals in eaily 
life, theie is delayed skeletal development, with adiposity and failnie of 
sexual evolution, when it appeals aftei matin ity, adiposity and sexual 
atiophy. 

PieiiG Mane, in 1886, fiist called attention to the relation between 
aciomegaly and the hypophysis, although Call ven Langei in 1872, in 
an anatomical study of giants, lefeiied to a ceitain type with enlarged 
sella tincica The obseivations of Mane haie been confinned, until at 
piesent it is geneially conceded that aciomegaly is due to a distiubance 
of the Iwpophysis Aecoidmg to Steinbeig, 40 pei cent of the pathologic 
giants ha'\e an enlaigenient of this organ Eegaiding the exact natuic 
of the distnibance in the hypophysis in aciomegaly, there is still eon- 
sicleiable diffeience of opinion The weight of evidence, howevei, favois 
the view that it is due to hypeisecietion of the anterioi lobe The path- 
ologic condition most fiequentlj'’ associated with aciomegaly is an 
adenomatous development of the anteiioi lobe with an inciease in tlie 
specific secietory cells In some instances in which enlargement of the 
anteiioi lobe is lacking, increase in the specific secietory cells may still 
be dcmonstiated, and in addition hypeiplasia of the phaiyngeal hypoph- 
ysis should be consideied in these cases There are reported in the 
liteiatiiie, malignant tumois of the l^pophysis with aciomegaly Lewis, 
who has leviewed tliese cases, believes that m the mahout}’’, and possibly 
in all, of these the tumoi was an adenoma Although it is too eaily to 
state positively that aciomegaly is due to l^peisecietion from the auterioi 
lobe, it must be admitted that the weight of evidence suppoits this view 

^ From tlie Depaitnient of Expeiimental llieiapeutics University of Chicago, 
S A Jlattliews, chiectoi 

^Picseiited at tlie Eighth Intel national Coiigiess of Applied Cheniistn 
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The coiulition of niuleuleAelopment, adipo^ih and <?en]tal atiopli^, 
hist desciibed bioblicb and, leJeiied to as the Fioldicli s\iKbonie, is 
usually as'^oeiaterl with distiiibanee'! at the ba^e of the biaiii, nioie 
especially witli iiinioi^- Wbetliei in all ol tbe‘>c ca«e': the lnpopbysi‘< i^ 
iniohedj eitbei diiecth oi indiiecth bv oitbei inciea'^cd intiacianial oi 
intiaceiebial pic^'Siiie. ba^; not been detci mined On account of it« 
position, the hypophysis ]«; especialh liable to be infliionced ivben tlieic is 
an internal b} di ocepbaliis, and it is (piite possible that am ceiebial 
distill bailee causing inci eased ])iess\ne in the lentiicle may coiupiess 
and distiiib the bipopbysis Tbeie is one case on lecoid in ubicb a 
bullet uoiind of the hypophysis uas followed hi adiposity (Madchimr) 
Adiposity IS associated uitli aciomegaly, accoiding to Cieiit/fcldt, in 1 6 
pel cent of cases In hie ot the lecoided cases of adiposis doloiosa, 
with autopsy, the b>pop]i’\sis lias been abnoimal (Lyon) Cases aie also 
on lecoid in ubicli leinoial of tlie Inpoplnseal tnmoi i\as followed by 
disappeaiaiice of the adipositi (Von Eisclbeig) 

Assuming that adiposity ma) aiise fiom distmbances of the hypoph- 
ysis, it is still to be deteimined what poition ol the glands is icsponsible 
foi these changes Fiscbei belieies it is due to bypo^'CCietion of the pos- 
teiioi lobe In addition to ceitain tbcoietical considciations, be piesents 
some autopsy findings in wliicli as the lesult of piessme, the posteiioi 
lobe w^as flattened and bad undeigonc biowm atiopb> It can icadily be 
concened bow'eiei, that any picssnie inyohing the posteiioi lobe must 
also compiess the antciioi poition In all of Fiscbei’s eiidence tbeie is 
little that IS actually conyincing A inoic tenable yiew is tliat b}po- 
secietior of the anteiior lobe is lesponsible foi the adiposity Zollnei, 
in a case of this type, found a caicinoma of the anteiioi lobe In the 
five cases of adiposi<? doloiosa, icfeiied to, wotli hypophyseal inyoheinent, 
two showed round-cell infiltiation of the anteiioi lobe (Piice), one a 
glioma evidently of the posteiioi lobe (Bnii), one maiked inciease in size 
of the anteiioi lobe, due to a connoctne tissue bypeiplasia and an 
alveolai saicoma (Guillam), and one (Deicum’s case) a caicinoma 
imolving both anteiior and posteiior lobes Although few' deductions 
may be diawm from the above evidence, on the whole it faiois distuibaiice 
of the anteiioi lobe Most convincing bow'eiei, is the expeiimental 
evidence In dogs, lemoval of the posteiioi lobe is not followed bv anv 
seiious consequence, the animal lecoiers and latei fails to show anv 
anomalies of giowdli (Paiilesco, Cushing, Ascola) Wbeie a coiioideiable 
poition of the anteiioi lobe of a voung dog is removed and the animal 
leeoieis fioni the effect of the opeiation, he latei develops the Piohlicli 
syndioine ot delayed deielopmeiit, adiposity and failuie of sexual deiel- 
opmeiit (Aschnei, Cushing, Ca&selli, Ascola) This evidence is most 
simgestne and points stiongh tow aid hyposeciction of the anterioi lobe 
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as the cause of the adiposity and sexual atiopliA The question niav 
piopeily be laisecl whethei tlie adiposity is due cliiectly to the lessened 
secietion of the anteiioi lobe oi is secoiidaiy to tlie genital atiopliv, for 
Tandlei and Gio=5Z have shown that castiatioii in dogs leads to inci eased 
deposits of fat, and tins phenomenon is observed in women aftei lemoval 
of the ovaiies It might be aigued that it would be exceedingly difficult 
on the basis of hvposccretion of the anteiior lobe to explain the occasional 
piesence of adiposity in aciomegah Such adiposity is veiy mfiequent, 
occuiiuig accoiding to Cieutzfeldt, m only 1 7 pei cent of cases, while 
Inqioplasia and genital atiojihy ueie noted in 36 4 pei cent of the cases 
The gieatei fiequency of the sexual distuibancc would lead us to suspect 
that it and the adiposity weie due to sepaiate factois Heie again, the 
possibility of the adiposity being secondaiy to the genital atrophy must 
be consideiecl, its inconstant association being due to the vaiying degrees 
of sexual hvpoplasia in the vaiioiis cases To those who believe that the 
adiposity is due to the hyposecietion of the posteiioi lobe, its piesence 
in acioinegaly is explained by piessme of the enlaiged antenoi lobe on 
the pnsteiioi lobe 

Summai iziiig, it may be said that aciomegaly is piobably due to 
mcieased activity of the anteiioi lobe Adiposity, if due directly to 
distill bailees of the hvpophvsis, is most piobabh due to hyposecietion of 
the anteiior lobe 

METABOLISM IN AC'BOMEGALV 

The metabolism in aciomegaly has now been studied in a dozen oi 
iiioie cases Heteiitioii of nitiogeii is leiy fiequeiit, often leachmg con- 
sideiable amounts In some of these cases calcium and iihosphoius 
metabolism is unchanged, in otheis, letention of both calcium and 
phosplioius have been lepoited Seven cases flora five diffeient observeis 
all show a letention of mtiogen, five of phosplioius and file of calcium 
Obenidoiffei has leceiitly icpoited tuo ca‘'e& and leviewed the liteiatuic 
on this subject He was unable to detect am vaiiatioii fiom the noimal 
ill his two cases, and questions whethei the lemlts of otheis aie lealh 
coiiclusne^ on account of the gieat laiiations m elimination of noimal 
individuals Befoie the woik on this pha'se of the subject ran be accepted, 
moic extensive studies should be earned out 

METABOLlSiM IX AXIMALS AFTEB 'JllE ADMlXlsntATlOX OF 

in POPIIYSIS 

Ihoiiipsoii and Johnson fed dogs on the eiitiie diied gland fiom the 
hoi‘?e. calf and sheep, and touiid that thei lo'^t in weight and exeieted 
an exco=sne amount of nitiogen and ])ho<5phoi u'' (ca and mg not 
deteiimned) Thci aBo lepoited moie maiked le^'UlG when ffiaiKH of 
loung aimnaU veie used j\[alcomb gaie dogs 2 to 3 gm dailv of diied 
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anieiioi lobe, foi a ])ei]od of Ihc da^s a total of 15 gin The aiiiinalb 
showed slight leteiition of nitiogcn and slightly iiiciea‘!ed output of P,0r, 
and Ca Aftei feeding po'^tciioi lobe (10 gin ) theic occiiiied a shghth 
iiici eased output of P0O5 and inaiked inciea‘'cd output of Ca AVhen he 
ga^e flesh entiie glands, 26 gin daily, theic was =caicely any change 111 
the Ca 01 Mg output Pianehini injected lablnts, intiavenoushg daily 
uitli an amount of c\tiact equnalent to one entiie Injiophysis Thi«: 
■wa'i followed by gieatei elimination of Ca, ]\rg and P^O- in both mine 
and feces, the loss in PnO- being Ic'^s maikcd than of Ca 01 ]\rg ^riie 
animals lost in eight and tinalh died The x-iay failed to shou ini 
change in the bonv skeleton Isomc of the animals toleiated the injertion 
Mcll, otheis showed maikcd d'sspnea, lomiting and diaiihea Pianchini s 
conclusions that hypeipitiiitaiism leads to loss ]n u eight and failiiie of 
development is scaicely iiistihed on account of the seieie leaction fol- 
lowing his intiaienoiis injections Oswald gaic dogs 2 to 3 gin daih of 
diied liypophjseal extiact obtained fiom ]\rcick (poition of gland not 
specified) and uas unable to detect an-^ change in nitiogen 01 PjO- 
eliminatiou Benedict and ITomans u 01 king uith In popln «ectoini/ed 
dogs and using eaibon dioxid pioduction a® an index of total metabolism 
found it maikcdly 1 educed 

The lesiilts of these tindings lan so much that thc\ tbiow little light 
on the distuibancc of metaiiolisni following administiation of diied 
hjqiophysip and may be legaided as fuinishing no definite CMdence 

FrrniNG emuhiwexis 

Compaiatnely few satisfaetoiy feeding expciiments lune been 
lepoited 111 some, no attempt has been made to feed the two lobes 
separately Otheis have administeied the extiact subcutaneoush 01 
iiitiavenously (Ceiletti, Pianchini, Delille, Caselli) Mhen gnen in tins 
way it ficquently gives use to maiked constitutional distui bailees, snch 
as vomiting and diaiihea, and, finally, intestinal ulceiatiou, that it is 
impossible to diaw any conclusion icgaiding the actual effect of the 
hypoplnseal extract Aftei this method of administiation, Ceiletti and 
Fianchini lepoit loss 111 weight and delated bone development Tlie 
entile hypophxsis -was used and the animals treated foi a few da'^s oidv 
Caselh injected xoiing dogs and labbits with gl'^ceim extracts and did 
not notice any effect on giowdh Delille injected extracts of the entiie 
Inpophxsis into four labbits foi a period of foiiiteen months and 
lepoited inci eased deposits of fat 

Old} two references to feeding expeninents hare been obtained 111 
which the animals lecened piepaiations of the hypoplnsis bv mouth foi 
a considerable period of time 

Sandri fed lats on hypophysis exclusivelv foi a period of two months, 
the controls lecciMiig an cxclusiic meat diet While this is an unsuitable 
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diet;, Sandri reports that the animals thrived He found that those fed 
on the anterior lobe showed greater gain in weight than the controls. 
When we consult the actual figures, we find that these differences are 
so slight that they can scarcely be considered as significant The controls 
durmg the two months gamed, on an average, 10 gm ; those fed on the 
posterior lobe, 7 gm ; those fed on the anterior lobe, 12 gm Variation 
of this degree may occur in any group of feeding experiments continued 
over a period of three months 

Schaefer iias conducted the most satisfactory feeding experiments, 
using, however, only the anterior lobe Four young rats were fed small 
amounts of the dried anterior lobe, mixed with bread and milk. The 
controls received powdered testicle or ovary, with bread and milk The 
amount consumed by each group of animals was accurately determined 
The feeding ex'penment was continued for about three months At the 
beginning, the aveiage weight of the group fed on hypophysis was 44 25 
gm , and that of the controls exactly the same. At the end of the feed- 
ing, the average weight of those fed on hypophysis was 160 gm , and of 
the contiols, 131 gm Duiing the first six weeks of the feeding, there 
was little diffeience between the two groups, durmg the last six weeks 
those fed on hj^ophysis made the more rapid gam These results would 
appear to be conclusive, they are not, however, sufficiently numerous to 
eliminate error 

AUTHOBS" EXPEBIMENTS 

In undeitaking this investigation, it was decided to carry through 
several series of animals with controls Young white rats were selected 
Each rat was placed in an individual cage For food, ground cracker 
was chosen This was pressed mto tablets, each of the same weight. It 
was first determined how much of this food each rat would consume 
daily Although there were some individual differences, it was possible 
to determine with reasonable accuracy the daily lation Having deter- 
mined this point. Cl acker tablets of the requisite weight were made, and 
to each was added a weighed amount of the h}'pophysis, or m case of the 
control, meat, and each animal received the same amount daily Occa- 
sionally, for a few days, a rat might not eat his whole tablet, a note was 
made of this fact However, the ration was so arranged that, with rare 
exceptions, it was consumed daily Ho doubt some of the animals would 
have eaten more. The fact that they gamed m weight and appeared on 
the whole healthy would^ however, indicate that they were properly fed 
By this method, each rat received and consumed the same amount of 
food daily, containing the same amount of the substance to be tested 
The animals were weighed each week 

The ox h 3 qiophyses were obtained perfectly fresh from the Union 
Stock Yards The anteiior and posterior lobes were separated, chopped 
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up fine and diied in a blower at a teinpeiaiine of appioximatcl}' 100 P 
The dried glands weie then powdeied and a weighed amount added io 
the powdeied cracker and piessed into a tablet Three senes were fed 
in this way foi about tliiee months each, at the end of the time the lats 
weie killed and ladiographs taken to detect any changes in the bon^ 
skeleton The fiist senes consisted of nine lats Tliiee leceived daily 
2 gm of diied anteiior lobe, three the same amount of postenor lobe and 
three controls the same amount of meat The feeding was continued for 
seventy-nine days The second senes consisted of eight rats Foui 
leceived 4 gm anterioi lobe and the othci four as controls received the 
same amount of dned meat This gioup was fed foi ninety days The 
thud series of nine 3 ’^oung lats was divided into three groups One group 
received 3 gm daily of beef anothei the same amount of posterior lobe 
and the other the same amount of dried tlnmius This senes was kept 
under observation foi sixt 3 -seven days B 3 '’ repeating the experiment 
in this manner, li was thought that some soinces of erior might he 
eliminated 


TABLE 1 — ^Results or Ffcdtxg Experuiexts in Rats 


Number of 

Animals 

Food Daily, Gm 

Average Weight at 
Beginning, Gm 

Aveiagc Weight at 
Termination, Gm 

Change in 

Weight, Gm 

cr 

*5 

c 

«t5 

o 'g 
Ho 

n 

O 

1 

SERIES I 

Diied beef, 2 

52 2 

■ 

38 6 

78 

3 

Dned anteiioi lobe, 2 

54 2 


37 9 

78 

3 

Dried posteiioi lobe, 2 

58 1 


44 5 

78 

4 

SERIES II 

Dried beef, 4 

58 

95 2 

37 2 

90 

4 

Dried anteiior lobe, 4 

66 6 

107 3 

40 7 

90 

3 

SERIES III 

Dned beef, 3 

131 6 

144 3 

12 6 

67 

3 

' Dned postenor lobe, 3 

115 3 

121 5 

6 2 

67 

3 

Dried tbymus, 3 

118 6 

135 3 

16 7 

67 


It IS interesting to note that animals consuming the same amount of 
food daily and appaiently enjoying equally good health, should sliov 
such marked variations of gam m weight The minimum gam m weight 
of the controls m Senes I was 30 0 gm , the maximum, 44 4 gm In 
Series II the minimum gam m weight of the control rats was 32 gm 
the maximum 38 5 gm In Senes III, wherein the rats were two-thirds 
grown, and, therefore not so suited for the test, m both the eontroP 
and those fed on postenor lobe, one of the animals lost 5 gm 
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As Will be seen by the table in the fiist series, the controls and those 
fed on the anterior lobe showed practically the same gain in weight 
Those fed on the posterior lobe, gained an aveiage of 6 gm each moie 
than the contiols "WTien we consider the individual animals, one of 
those fed on the posterior lobe gained less than one of the controls, the 
other two gained more than the controls and each animal fed on the 
posterior lobe gained more than those receiving the anterior lobe In 
Series III, however, the animals receiving the posterior lobe gained less 
than the controls and mnch less than those animals receiving thymus 
In Series I, animals receiving anterior lobe gained slightly less than the 
controls, while in Senes II, they gained somewhat more than the con- 
trols The ladiographs of all these animals failed to reveal any varia- 
tions in the bony skeleton 

Only one conclusion can be drawn from these feeding experiments, 
VIZ , that, at least in this senes of tests, neithei antciioi noi posterior 
lobes had any effect on the weight oi growth of the animal The experi- 
ment was conducted in such a manner that serious causes of error were 
excluded The amounts admmisteied were sufficient to give results, as 
they would be equivalent to 230 gm daily to the aveiage man On the 
other hand, the amounts weic not sufficiently large to have a deleterious 
effect, as the animals so fed gained the same in weight as the controls 
Doubling the dose of anterior lobe did not modify results It must be 
admitted, however, that this does not prove that disturbed secretion of 
the hypophysis may not modify growth In the feeding experiment, the 
digestive fluids may destroy the active substances responsible for these 
changes Again, feeding piepaiations by mouth can scarcely be con- 
sidered as analogous to the continuous secretion occurnng in actual life 

SUMMAKT 

Summarizing the entire field of the role of the hypophysis in the 
growth of the individual in acromegaly m which there exists abnoimal 
development of certain portions of the body, especially in their bony 
structures, there is apparently hypersecretion of the anterior lobe In 
the Tiohlich syndrome of adiposity and failure of sexual development, 
it IS thought by many that there is lessened function of the posterior 
lobe, experimental information, hoAvever suggests lessened secietion of 
the anterior lobe, but evidence on this point is not especially convincing 
Eegaiding studies in metabolism in patients with acromegaly, there is 
again nothing conclusive, and more work must be carried out on this 
subject before it can be accepted that lessened katabolism takes place as 
compaied with the normal mdividual 

Turning to the results of partial removal of the liypophjsis in 
annuals, onl}" one point haMiig a direct beaimg on this mbject seems to 
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have been deteimincd, that paiiial removal of the aiiteiior lobe, 
when performed on jonng animals, modifies giowth and sexual develop- 
ment m such a mannei as to lescmble very closely the riohlich syndrome 
Eemoval of the posteiioi lobe, appaiently, lias no effect on growth This 
IS a distinct contradiction to those who believe lessened fimction of the 
posteiioi lobe is responsible for the Fiohlicli svndiomc Feeding experi- 
ments, on animals, fail to furnish any definite evidence that the admin- 
istration of eitliei tlie antoi loi oi po<?teiior lobe has any effect on growth 

e "ivjsh to e\piess oui llianks to Mr E M Miller for Ins assistance in tins 
investigation 

Since this Mork vas completed, T B Aldrich under the title, Feeding Young 
Pups the Anterioi Lobe of the Pituitary (Am Join Phj'siol , 1912, ws., 352), 
has icpoitod iiegatue results after feeding anteiior lolic 
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A STUDY OF HYDEOOEU lOU COUCENTEATIOK OF THI 
UEINE lU HEART DISEASE 


L n NEWBUEGH, MD, WALTER W PALIMER,, MB, a\d 
L J HENDERSON, jM D 

BOSTON 

The ciiculatmg fluids of the oiganisni aie piaclically ncutial and 
nearly constant in leaction, and an animal, into whose hod}’^ acid is 
being introduced, dies before his serum gives an appieciably acid leac- 
tion Neveitheless, the trend of metabolism is lowaid the pioduction of 
acid gieatly in excess of alkali, but iindei noimal conditions the vhole 
of this excess is sepaiated fiom the blood in its passage thioiigh the 
kidne} One of us has shown the chemical mechanism which underlies 
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Chart 1 — Case 1 Double Iiydrolhoiav, laigc ascites, marked geneial 
anasarca, arterioscleiosis, cardio-renal Blood-pressure 160 Made a lapid and 
uneventful recovery 

Chart 2 — Case 2 Mitral disease No hydrothoi av, ascites or edema Moist 
rales in lungs Improved rapidly 

The solid line in this and other chaits lepresents the twenty-four houi amount 
of urine in cubic centimeters The broken line repiesents the hydrogen ion con- 
centration in each twenty-four-hour specimen of urine expressed logarithmically 
The hon/ontal bioken line represents the mean of the hydiogen ion concentration 
of the twenty-four-hour specimens of urine fiom 150 normal persons 

” From the medical waids and chemical lahoiatoiy of the Massachusetts 
General Hospital 

Submitted foi publication May 1, 1913 

T Henry P Walcott Fellow in Clinical Medicine, Harvard Medical School 

1 Walter, F Untersuchungen ubei die Wiikung der Sauren auf den 
tliieiischen Organismus, Aich f exper Path 1877, vii, p 148 
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this neutiality pieservation and has pointed ont its fai -reaching biological 
signihcance ^ 

Wliethei the acid can he removed as fast as it is produced in various 
abnormal conditions, and, the mechanism failing, what pathological states 
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Cliail 3 Clinit 4 

Chirt 3 — Case 3 Aiteiioscleiosis, weak dilated heait, marked edema of 
legs Patient became subjectively comfortable but objective signs did not change 
Chart 4 — Case 4 Chronic nephritis Blood-piessuie 250, right hydrothorax, 
marked edema of legs, edema disappeared at time of diuresis Otherwise no 
impiovement 

may be thereby called into existence, aie matters still open to 
investigation 

In order further to investigate this question, it seemed advisable in 
the fiist place to study the reaction of the urine when disturbance of the 
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Cbait 5 Chart G 

Chart 5 — Case 5 Syphilitic aortitis Aoitic legurgitation, marked edema 
of legs Made no improvement 

Chart 6 — Case G Arteriosclerosis Weak dilated heart, double hydrothorax, 
marked edema of legs, marked improvement during period of diuresis with dis- 
appearance of edema then stationary Discharged with compensation only partly 
1 estored 

acid excretory function might be suspected It was belie\ed that an 
abnormally laige amount of acid m the urine would perhaps indicate the 
ovs} production of acid in the organism, or partial failure of the protective 
mechanism 

2 Henderson L J . The Theory of Heutiality Eegulation in the Animal 
Oraamsm Am Jour Phvsiol , 1908, xxi, 427 
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The wolk to be leported in this communication is concerned only with 
urinary acidities in persons suffering from cardiac decompensation 
It IS now well Imown that the true acidity of any solution must be 
expressed in terms of the concentration of ionized hydrogen, and that 
in complex solutions like mine, acidity detei mined in this way may give 
results which vary greatlj’’ from acidity determined by titration against 
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Chirt S 


Chart 7 — Case 7 Mild break No edema Rapid recovery 
Chart 8 — Case 8 Myocardial weakness Marked dyspnea and orthopnea, 
weak, irregular pulse, no hydrothorav or ascites, very slight edema of legs 
He improved rapidly at first, then became stationary, being unable to make any 
exertion without return of dyspnea 


alkali In order to determme hydrogen ion concentrations in the clmical 
laboratory, some reasonably simple method had to be devised This has 
been accomplished by two of us® and that method employed in this study 

For the convenience of the many clinicians who have not yet become familiar 
with the physico chemical mode of expressing acidity, a brief statement will be 
added Acidity is always thought of as the number of grams of ionized hydro 
gen in a solution when these are in excess of the hydroxyl ions Since the 
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Chart 9 Case 10 Aortic and mitral disease Double hydrothorax, ascites, 

marked general anasarca, improved slowly, discharged with slight edema, other- 
wise no evidence of broken compensation 


3 Henderson, L J , and Palmer, W W On the Intensity of Urinary Acidity 
in Normal and Pathological Conditions Jour of Biol Chemistry, 1913, xiii, 393 
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purest water thus far obtained is slightly ionized and thus contains hydrogen 
ions (whichj in the case of water, are in concentration equal to the hydroxyl 
ions) a solution, to he acid, must contain more hydrogen ions per liter than 
those resulting from the water, and at the same time, the hydrogen ions must 
he in excess of the hydroxyl ions The ionization of hydrogen in water is actu- 
ally 1/10,000,000 gram per liter at 25 C , or, otherwise expressed, 1 x 10-’ 
Consequently the condition of acidity may he expressed as a formula thus 

+ \ \ — 

^H) /I/IO, 000,000 N/ (OH) 

Neutrality is then 

_j_ — 

(H ) =1/10,000,000 N= (OH) 

And alkalinity 

+ / / 

(H ) \ 1/10,000,000 N \ (OH) 

+ 

(H) =the concentration of ionized hydiogen per liter expressed in the 
usual way 


(OH) =the concentration of hydroxyl was per liter and 1/10,000,000 
the concentration of the ions at the neutral point 

Since the ionization of water and of hydrogen and hydroxyl in solutions 
foimd in animal organisms is relatively so slight, the number of grams of hydro- 
gen ions per liter is actually exceedingly small It is consequently much more 
satisfactory to express the results as the logarithms of the number Thus for 
water — 7 00 instead of 1/10,000,000 (As the numbers increase the acidity 
decreases, as the numbers decrease the acidity increases ) The minus sign is ^ 
omitted for convenience^ 
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Chart 10 — Case 11 Mitral stenosis Enlarged liver, edema of lungs, 
anasarca During first period of diuresis there was not much clinical improve- 
ment, then came a period when condition was no better than at entrance The 
second period of diuiesis followed venesection and strophanthin intravenously, 
and was attended by marked clinical improvement but the latter was only of 
several days’ duration and the patient was finally discharged no better than 
at entrance 

The data here presented are derived from the daily examination of 
the twent^^-fonr-honr specimens of urine of fifteen patients with ^^cardiac 
edema ” The decompensation varied from the severest grade to the Ter}^ 
mild type The cases may be divided into two groups : (1) Degenerative 
includmg arteriosclerosis with m 5 mcardial changes, and myocardial weak- 

4 Further details concerning this physical-chemical conception of aciditv will 
be found in Palmei and Henderson’s paper in this issue p 153 Clinical Studies 
in Acid Base Equilibrium and the Nature of Acidosis 
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ness following inteistitial neplmiis Caidiac failure occniiing uitli 
glomeiular neplmiis was excluded {Z) Infectious, by which is meant 
inDiiiy "to the valves dependent on miciohic invasion vith secondaiy 
failme of compensation All active (malignant endocaiditis) cases were 
excluded The patients varied in age fiom 12 to 62 years 

The severe cases, eleven in numbei (Cases 1, 2, 3, 4, 5, 6, 8, 10, 11, 
12, 14, see charts), had, on admission and up to the time when improve- 
ment began, a hydrogen ion coneentiation which aveiaged 4 90 The 
lowest single leading duiing this period was 5 30, the highest 4 70 The 
two eases with mild breaks in compensation (Cases 7 and 15, see charts) 
a'seraged 5 70, and the highest single reading was 5 30 In a study of 
the hydiogen ion concentration of the urines of one hundied and fifla’’ 

Tabic shotting the hydiogen ion concentration of the tttcnty-four houi speci- 
mens of urine in eleven cases of se\cre cardiac decompensation, from admissions 
up to the time udicii definite improvement occnried Cases 1 and 12 began to 
improve almost immediately after admission 


■D.n s 


Case 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 11 

Aveiago 

1 

5 15 
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4 85 
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4 70 
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5 15 
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4 85 











4 85 

12 

4 85 
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14 














normal persons," we ha'se found the noimal average to be 6 00 In less 
than 1 per cent of these normal cases was the h 3 '^diogen ion coneentiation 
greatei than 5 00, and in less than 10 per cent was it gieater than 
5 30 Thus it IS clear that persons with severe heart disease produce 
urine whose hydiogen ion concentration is distinctly above the normal 

If the hydrogen ion concentration is followed in reference to the 
clinical course of the cases (see figuies), it is found that the formei 
decreases as the individuals recovei compensation (Cases 1, 2, and 14), 
and that in the individuals who have not improved markedly, the 
hydiogen ion concentration remains continuously high (Cases 3, 5, 8, 10, 
11 and 12) 

The next point to be considered is whethei there is any relation 
between the edema and the hydrogen ion concentration It is impossible 
to generalize on this question with the data at hand However, certain 
facts ‘^eem to be true At first sight, it would appeal that hydrogen ion 




^<E^VBURan--PALMEll—EEl:^DBRBO'N 


]51 


concentiatioii decreases wlieu edema disappears, that is, when diuresis 
oeeuis But in almost every instance general clinical improvement took 
place, coincident with the diuresis, so that these two factors cannot be 
separated, and consequently it cannot be said that diuresis occurred 
because hydrogen ion concentration was fallmg, or vice veisa On the 
oilier hand, the facts would seem to show that the hj'^drogen ion concen- 
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Chart 11 — Case 12 Mitral and aortic disease Ascites, edema Made 
marked improvement foi liist feiv days, then improvement ceased and the patient 
madually failed to death 


tiation depended moie on the seventy of the decompensation than on the 
amount of edema Foi in Cases S and 8, in which the edema was very 
slight but in which the patients were ver}’- sick at entrance, the initial 
hydrogen ion concentration was as great as in persons who had massive 
edema (Cases 1. 4, 6, 10) 
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Cliait 1 ! 


Cliait 12 — Case 1<1 Aiteiioscleiosi'; Myocaidial Aveakness, small ascites, 
moderate edema of legs Made a slow but satisfactory recovery 

Chart 13 — Case 15 Mitial disease and break m compensation Compen- 
sation reitoied m a veek 


Burtheimorc in Cases 4 and 6. in which a general temporary 
improvement occurred at the time of diuresis, with disappearance of 
edema and in which a stationar}' peiiod then followed in which there was 
no edema bur compensation was only parth icstorcd it will be notcfl 





152 


TTin ARCHIVES OF IRTERRAL MEDICIRE 


that the hydiogen ion ciiive letmned to its initial high level after the 
shoit period of temporaiy improvement and remained there even though 
the patients in the meantime had lost most of then edema 

In one case, Ho 11, theie wcie two periods of diuresis During the 
hist pel rod there w as no general improvement, and the curve for hydrogen 
ion concentration remained level The second diuretic peiiod was 
attended by marked clinical improvement of a few days’ duration, and 
this time the hydrogen ion concentration decreased markedly 

CONCLUSIONS 

1 The hydiogen ion concentration of the urine from individuals with 
severe cardiac decompensation is liigher than the normal 

2 The hydiogen ion concentiation follows the general clinical course, 
becoming normal w'hen compensation is restored 

3 It could not be shoivii that there w^as an} definite relation between 
the hydiogen ion concentiation of the mine and edema in the cases 
studied 

329 Beacon Stieet 



CLINICAL STUDIES ON ACID BASE EQUILIBEIUM AND 
THE NATUEE OE ACIDOSIS'’ 

WALTER W PALMER, MD," axd LAWRENCE J HENDERSON, MD 

It IS the purpose of this papei to present expeiimental evidence in 
favor of the view that varying grades of acidosis may exist, apart from 
diabetes and case in which beta-oxybntyric acid is produced, in manj’- 
pathological conditions not previously suspected 

In health and in most diseases the very slightly alkaline reaction of 
the blood and body tissues is now known to remain practically constant ^ 

Walter,^ long ago, showed that when an animal is killed by injecting 
an acid into the blood-stream, the blood apparently still remains alkaline 
In disease, slight variations of reaction may occur, but death soon ensues 
if the change, as determined by the most accurate measurements, is 
appieciable ^ In human pathology any change is always toward acidity 
Such are the mam facts regarding the variation of reaction of the blood 

In the body theie is a constant pioduction of acid substances as 
excretory pioducts of metabolism These acid bodies combine with base 
111 the blood and are transported to the lungs and kidneys for excretion 
Caibonic acid is excreted by the lungs It devolves mainly on the kidney 
to exciete sulphuric acid, phosphoric acid, acetoacetic acid, beta-oxy- 
butyric acid, etc ^ If acid be produced inoie rapidly than it is excreted, 
01 if the mechanism which regulates the excretion be at fault, the supply 
of base in the body being limited, a disturbance of the normal neutrality 
equilibrium may reasonably be expected to result 

The one important result of excessive production of acid, which has 
come to light, is the withdrawal of base from the body, with the attendant 
depletion of bicaibonate from the blood The body is not known ever to 
produce base except ammonia to neutralize such acid In the acidosis of 
diabetes the important factor is the excessive production of beta-oxy- 
butj’-ric acid It is leasonable to suppose that theie may be other con- 
ditions in which varying degiees of acid in excess of the normal in the 

■^Eiom Hie Wards and Chemical Laboratory of the Massachusetts General 
Hospital 

*Hemv P Walcott, Fellow in Clinical Medicine, Harvard Medical School 

* Submitted foi publication May 1, 1913 

1 Henderson, L J The Theory of Neutrality Regulation in the Animal 
Organism Am Jour Physiol , 1908, xxi, 427 

2 Walter, Fiederick Untersuchungen uber die Wirkung der S.iuren auf den 
thierschen Organismus. Arch f exper Pathol , 1877, vii, 148 

3 The investigations of H Benedict show that the concentration of hydrogen 
ions in diabetic coma is about 15x10 — 7 

4 Henderson L J A Critical Studv of the Process of Acid Excretion Jour 
Biol Chem 1911, ix 403 
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body fluids and tissues may exist, due to a distiiibauce in metabolism 
01 insufficiency of tlie excietoiy meclianism We have in tmth succeeded 
m obtaining expeiimental evidence to suppoit us in this view and the 
lecent voik of Sellaids*' has aliead}’’ levealed such cases In this papei 
we aie not conceined with paitieulai acid substances oi the cause foi 
then existence, but only with the piobability that a condition which raai 
piopeily be legarded as acidosis in the bioadest sense does frequentli 
occui in unexpected ciicumstances 

Apart fiom diabetes, and cases in which beta-oxybutyiic acid is 
foimed, theie aie manv conditions uhicli clinically aie frequently desig- 
nated as ‘^acid intoxications” oi ""acidoses” In the acute infectious 
diseases ivith high temperatuics and severe toxemias, ""acidity” is not 
infiequentl}'' mentioned The acid factor in uieniic conditions has long 
been suspected and woik has been done to confiim this view ® 

The scientific im estigation of this subject has been consideiable In 
addition to the chemical analysis of the blood in conditions of acidosis 
vaiious means of detei mining changes in blood leaction have been 
emplo3'’ed By means of tlie concentration cell measurements of the 
hydiogen ion concentiation of blood, detei minations of the tension of 
carbonic acid in the blood, as well as in the alveolar air of the lungs, 
titrations of the blood with acid oi alkali to various indicatoi end-points, 
have been made m large numbers Each of these methods of investiga- 
tion possesses its peculiai utility, and on the uhole such studies tend to 
support current ideas legarding acidosis 

The fact that in diabetes laige quantities of alkali are necessary to 
make the urine alkaline has long been known In acute iheumatic fevei 
the same phenomenon is familiar to eveiy piactitionei Sellards'^ has 
recently called attention to the fact that laige amounts of sodium bicar- 
bonate aie necessary to influence the acidity of the urine in the uremia 
of Asiatic choleia and still latei" in nephiitis Sellards also finds that 
the mine of noimal individuals is lendeied alkaline by the ingestion of 
sodium bicarbonate in smaller quantities than m the case of individuals 
with nephiitis In the nephritics he calls this phenomenon ""increased 
alkali toleiance,” but concludes that it may indicate a condition of 
acidosis That large amounts of alkali aie lequiied to reduce the aciditj' 
of the uime in nephritis has also been observed by v Hoesslin,® who 


5 Sellards, A W Toleiance foi Alkalies in Asiatic Choleia Phillipine 
Jour Sc , 1910, V, 313 

6 Stiaiib, H, and Sclilaj^ei Die Ur iinie eine S lureieigiftung Munchen 

Med Wclinschr , 1912, lix, 569 ^ tt 

7 Sellards, A W The Determination of Equilibiium in the Human Bod\ 

between Acids’ and Bases with Especial Reference to Acidosis and Nephropathies 

Bull Johns Hopkins Hosp 1912, xxiii, 289 o j i 

S Hoesslin, V Uebei die Alhangigkeit der Albuminirie vom Siuregrad de= 
Urin und ubei dem Einfluss der Alkali 7 ufuhi atif Azidit.it, Albuminuiie 
Diurese und Chloridausscheidung some auf das Hainammoniak Deutsch Arch 
f kiln Med , 1912, cv, 147 
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lecommcnds alkab as a tlieiapeutic measuie in these cases Eecently 
Mai tin Fischer’s” views on the cause and treatment of nephritis have 
attracted much attentjon Mainly on theoietical consideration he advises 
the use of alkali in nephritis 

For more than a yeai past in oui work on the acidity (hydrogen ion 
concentratioil) of the urine in nephiitis we have found, as did Sellards 
and V Hoesslin, tliat the ingestion of large quantities of alkali was 
frequently necessary befoie the uiinary acidit}’^ could be diminished 
In our woik the effect of alkali in noimal and a gieat variety of 
pathological cases has been studied by exact but simple quantitative 
methods Throughout the entire investigation the method used foi 
determining the acidity of the mine was the one described by us in a 
previous paper 

Foi the convenience of clinicians the following modification is suggested 

Reagents 

1 N/10 Disodium phosphate 

2 N/10 hlonopotassium phosphate 

3 N/5 Sodium acetate 

4 N/5 Acetic acid 

5 Two per cent aqueous solution of sodium alizaiin sulphonate 

6 Two pel cent aqueous solution neutial led 

7 One pel cent alcoholic solution phenolphthalein 

8 Toluol 

Apparatus 

250 cc flasks (3286) obtained of Eimer and Amend, New York, have been 
found satisfactoiy Medium sized test tubes of good, cleai glass 

Ihe disodium phosphate, Na2HP04 + I2H2O, is exposed to the air foi a 
Aveek wheieby it loses 10 molecules of water of ciystallization becoming 
Na2HP04 + 2H2O which is stable 17 8 grams to one litei makes a N/10 solution, 

13 6 grams of KLH2PO4 to one liter makes a N/10 solution, 27 2 giams of CH-- 

COONs to one Iitei makes a N/10 solution, N/10 CH3COOH is made in the usual 
Avay by titiation against a known alkali solution 

+ 

Standaid solutions of known hydrogen ion concentration (H ) are made as 
follows -4- 

No H 

1 0 5 c c N/10 KHaP04 + 240 0 c c N/10 Na2HP04 made up to 500 c c ivith IIiO 8 7* 

2 0 5 c c N/10 KHaP04 + 60 0 c c N/10 Na2HP04 made up to 500 c c with HjO 8 0^ 

3 5 0 c c N/10 iniaPO, -j- 25 0 c c N/10 Na2HP04 made up to 500 c c iiuth hIO 7 47 

4 5 0 cc N/10 IfflaP04 -j- 11 5 c c N/10Na2HPO4 made up to 500 cc ivith HjO 7 07 

5 2 25 c c N/5 CHgCOOIi -j- 230 0 c c N/5 CHsCOONa made up to 500 c c with HjO G 7t 

6 5 75 cc N/5 CH3COOH -j- 230' 0 cc N/5 CHsCOONa made up to 500 cc with H2O G3 

7 1150 cc N/5 CH3COOH + 230' 0 cc N/5 CHjCOONa made up to 500 cc ivith hIo GO 

8 23 00 c c N/5 CH-COOH + 230 0 c c N/5 CHsCOONa made up to 500 c c ivitli HjO 5 7 

9 57 5 cc N/5 ClIjCOOH + 230 0 cc N/5 CHjCOONa made up to 500 cc Mith H2O 5 3 

10 115 00 cc N/5Cn3COOH + 230 0 cc N/5 CHjCOONa made up to 500 cc vith HIo 5 0 

11 230 00 cc + 2300 cc N/5 CHsCOOH N/5 CHsCOONa made up to 500 cc ivith hIO 4 7 

*' Phenolphthalein 

I Neutial led and sodium alizaiin sulphate 

t This and leuiaindei of table sodium alizaiin sulphate 

0 Fischei Mai tin, H Nephritis, 1912 John Wiley and Sons N Y 

10 Oui woik Aias earned on for some time without knowledge of the vork of 
Sellards 

11 Henderson L J, and Palniei, W W Intensity of Unnai\ AciditA in 
Noiiiial and Pathological Conditions Jour Biol Chem , 1913 \iii 303 
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TiUJLE 2 — Response oi' the Kidney to Four Gr^uis of Sodium Bicarbonate Pathological Cases IIourly Observations 
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TABLE 3 — Kesponse oe the Ividney to Eoub Grams of Sodittm BiOARnoNATE Pathological Cases Two-Hourly Observations 
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TiiBLE 4 — ^Eesponsu oe tul Kidney to Four Grams of Sodium Bicarbonate Specimens Collected at Irregular Intervals 
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Ihese standaid solutions aie put up m suitable bottles and a few cubic centi- 
meteis of toluol pouied ovei each to prevent the growth of yeasts and molds 
In each of nine flasks is placed a 10 cc sample of each of the standard solu- 
tions, 3 to 11, the volume is made up to 260 cc with distilled ivator and 5 drops 
of the alizarin added Cnie is necessary to have the concentration of indicatoi 
exactly equal in all cases Ten c c of urine are next introduced into anotliei 
flask and distilled uater and indicator are added The color of the diluted urine 
solution IS next matched with one of the standaid senes 

If the leaction as thus measured falls between Solutions 3 and 6 a similar 
comparison is made using neutral red (5 drops) as an indicator If the reac- 
tion IS more alkaline than Solution 3, undiluted urine is matched in test-tubes 
against undiluted standaid Solutions 1 and 2 using plienolphthalein (10 drops) 
as indicator In case the reaction falls between the standard solutions, rough 
intei polation is made The standard senes of flasks containing the alizarin 
will keep, if corked, for tlnec to four dajs in cool weather, m warm weathei 
^ they should be made up fresh every other day The solutions containing neutral 
led and phenolphtlialoin are made every time then use is required 

A word of exiDlanation conceining the values thus determined is 
necessary In physical chemistry acidity and alkalmity aie expressed 
in terms of hydrogen or hydroxyl ion concentration Pure watei, HoO 

+ 

ionizes, that is, a few molecules break up into H and OH ions in equal 
numbers, and we have neutrality The amount of ionized hydrogen in 
water is exceedingly small, about 1 giam in 10,000,000 liters at 35 C 
The phrase “^diydrogen ion concentration” signifies the quantity of 
hydrogen ions present, expressed in teims of normality Hence in water 
containing 1 gram of ionized hydiogen in 10,000,000 liters, or 0 000,000, 

1 gram in one liter, the hydiogen ion concentration would be 0 000,000, 

1 H, which may be written 1/ 10,000,000 H, or expiessed more con- 
veniently algebraically, 1x10-^ H Wc have then foi the definition of 
neutrality, acidity and alkalinity — 

+ — 

(H) =1x10-'^= (OH) neutrality 

(H) > IxlO--^ > (ola) acidity 

(H) < 1x10-" < (Ol;) alkalmity 
-t- 

(H) stands foi hydrogen ion concentration 

(OH) stands for hydroxyl ion concentration 

In normal blood, (H) = 0 4x10-", whicli is approximately the leac- 
tion of Solution 3 

In our work we have adopted the logaiithmic notation All loga- 
rithmics are of course negative, and for convenience the minus signs are 
omitted The following table presents the conversion of the logarithmic 
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notation into actual concentration of ionized hj^drogen It will be seen 
that the smaller the logarithms the greater acidity 


Log 

+ 

H 

Log 

+ 

H 

4 6 

250 

X 10-’ 

64 

4 0 X 10-’ 

48 

160 

X 10-’ 

66 

2 5 X 10-’ 

50 

100 

X 10-'^ 

68 

1 6 X 10-’ 

52 

63 

X 10-^ 

70 

1 0 X 10-’ 

54 

40 

X 10-’ 

72 

0 63 X 10-’ 

56 

25 

X 10-" 

74 

0 40 X 10-’ 

58 

16 

X 10-’ 

7 6 

0 25 X 10-’ 

60 

10 

X 10-’ 

78 

0 16 X 10-’ 

62 

6 3 X 10-" 

80 

0 10 X 70-’ 


This method of studying urinar}'- acidity is exceedmgly simple^ per- 
mittmg numerous and accurate observations, and is well adapted to the 
lange of leaction which may be encountered The routme carried out 
in every case was the admimstiation by mouth of 4 to 8 grams of sodium 
bicarbonate, at which time a specimen of urine was taken, as well as an 
hourly or two hourly specimen for seveial hours thereafter, the acidity 
being measured m each specimen The acidity (hydiogen ion concentra- 
tion) IS recorded as the logarithm of the actual value Hence, the smallei 
the logarithm the greater the acidity (See note above ) 

In suitable cases in which there was no response of urinary acidity 
to a normal dose of 4 giams of sodium bicarbonate, a sufficient quantitj^ 
of the alkali was given to reduce the acidity of the urine As soon as 
the effect of the alkali was apparent the sodium bicarbonate was omitted, 
the urme allowed to regam its former acidity and a second test was made 
with 4 giams of sodium bicarbonate These observations were made in 
cases which showed very little clinical change durmg the course of the 
experiment 

As may be seen on examination of Tables 1, 2, 3, 4 and 5, the effect 
of small amounts of sodium bicarbonate is shown normally in the urine 
by a prompt and marked reduction of the acidity This effect manifests 
itself soon aftei alkali intake When hourly obseivations were made, lu 
both normal and pathological cases, marked reduction of the acidit}' 
occurs m about an hour, the maximum effect in a little ovei one hour 
In the cases when two hourly observations were made, marked reduction 
of urmai}’^ acidity was noted at the first observation after the alkali was 
taken The average change in cases when there was a normal response 
to alkali was 1 67. which amounts approximately to a fifty-fold reduction 
m uimary acidity After alkali intake the average degree of alkalmih* 
leached was 7 60, ivhich is slightly below the reaction of blood 

12 For detailed discussion of this subject see Xeubauer-Huppert Analyse 
des Hams, 1910, i 1 Xeuberg Carl Der Harn, 1911, ii 1390 






lABLE 5 — Response of am- Kidney lo Eight Grams or Sodium Bicarbonati. 
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In a few cases there was a delay of four to six hours before the 
maximum reduction in uimary acidity was reached Because of the 
small number and variety of diseases in which this delay was observed, 
we make no attempt to explain it 

A great variety of diseases (Table 6) showed in certain cases no 
lesponse to 4 grams of sodium bicarbonate This lack of response to 
alkali occurred most frequently in patients with kidney disease In 
comparing Table 6 with Tables 1, 2, 3, 4 and 5, it would appear, howevei, 
that the response or lack of lesponse to alkali is not confined to any 
particular disease or gioup of diseases, but is moie or less an individual 
phenomenon 

Seveial of the cases reported in Table 6 which showed no lesponse 
on the initial 4 giams of sodium bicaibonate lequiied varying amounts 
of alkali, 12 to 112 giams, befoie any efEeet on the acidity of the urine 
could be detected With two exceptions aftei the mine had been allowed 
to legain its foimei acidit}*, 4 giams of sodium bicaibonate produced a 
prompt and marked effect on the uiinaiy acidit}^, as it did in Tables 
1 , 2, 3, 4 and 5 This phenomenon we believe to be due to a need on the 
part of the body foi alkali — to acidosis, in short In kidney disease the 
piompt response to the second test made with the alkali would indicate 
that the kidney lesion pei se was not a factoi in the lack of response in 
the fiist instance Fiom unpublished data theie seems to be no relation 
between the degree of acidosis and ammonia excretion in cases in which 
beta-oxybutyric acid is not produced 

All these observations lead us to the belief that the one well maiked 
effect of over production of acid — decrease of sodium bicarbonate in the 
blood — IS a frequent occurrence in many and various pathological con- 
ditions As a lesult of our exact studies of urinary reaction and its 
change after the administration of alkali, togethei with what appeals to 
us as the crucial experiment of the second administration of alkali 
immediately aftei the urine has become once moie acid, we agree in the 
mam with Sellaids’ conclusions, and believe that we have provided a 
moie secure foundation foi them However, we regard his term ^Tolei- 
ance” for alkali, in the cases which do not lespond to the admmistiation 
oi alkali bj’’ a diminution of uiinary acidit}", as unfortunate and mis- 
leading We aie stiongly disposed to the view, which cannot be regarded 
as full}'’ proved, that the phenomenon is meiely due to retention of a 
normal constituent of the oiganisni until its concentration — lowered b}’’ 
pathological processes — has been lestored. 

With these observations and considerations m mind we suggest that 
a condition of acidosis may be assumed to exist when the admmistration 
of a quantitj^ of alkali equivalent to one liter of tenth normal solution 
fails to produce a diminution m the aciditv of the urine Hence the 
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condition of acidosis, so long vague and ill-defined, may at length he 
considered, whatever its origin and vaiiety, as a depletion of bicarbonate 
from the blood, which would naturally leveal itself to the above test^'' 

We believe that these experiments also establish absolute indications 
for or against the therapeutic use of alkalies in many conditions With 
a disturbance in the acid-base equilibrium in the body, which is probably 
due to an alkali depletion, it seems to us reasonable to attempt to restore 
the normal equilibrium by the administration of alkali Certain facts 
concerning the use of alkali as a therapeutic measure should, however, 
be lecogmzed Alkali may be considered in the same catagory as watei^ 
good food, fresh air, and good nursing As the lesult of many observa- 
tions on the acidity of the uime in noimal and pathological cases^^ we 
have found no case, without expeiimental mteifercnce, to have an acidity 
less than blood In determining the extreme variations in acidity of the 
urine in normal and pathological individuals’^^ we find that alkali given 
ill amounts sufficient to push the leaction of the uiinc below that of blood 
a well marked albuminuria not infrequently results 

The gastro-intestinal disturbances from the use of too much alkali 
aie well known On the othei hand there is no doubt that in many 
pathological conditions alkali in proper amounts makes the patients feel 
better The choice of alkali depends on the individuals^ taste and toler- 
ance as well as the physicians’ preference Alkali should be given in 
large amounts (if sodium bicarbonate, 4 grams, three or four times a 
day) until the effect on the uimary acidity is noted, and theieaftei in 
sufficient amounts to keep the reaction of the urine slightly more acid 
than blood The amount to accomplish this is frequently very small 
not more than 4 grams daily The same indications pertain to the use 
of alkali as a diuretic In all of our cases with oi without edema when 
there was a diuiesis following the administration of alkali, the diurcsi'? 
did not occur until the reduction of the acidity of the urine was estab- 
lished It should be stated, however, that in some cases we have seen 
marked diuresis following the use of alkali, in others no diuresis 

When the therapeutic use of alkali is considered we lecommend that 
at least the effect on the reaction of the urine be carefullj’’ watched oi 
that the following procedure be followed 

1 Sodium bicarbonate, 4 giams, pieferably between meals 

13 In all in\ estigations on tins subject it appears to be neces-^ary to esti- 
mate iMtli moderate accuiacv the hydrogen ion concentration of the urine 

14 Henderson, L J and Palmer, W W Extreme Variations of the Con- 
centration of Ionized Hydrogen in Human Urine Jour Biol Chem , 1913, xi\, 81 

I") We ha^o found it comenient to estimate the amount of alkali gnen in terms 
of -1 tenth noininl solution Four grams of sodium bicarbonate makes approxi- 
inueh ."iOa cc of a tciitii iioinial 'lolution 



Ti\.BLE 8 — Cases in which There Was No Response to F our Ge vsts of Sodium Bicarbonate 
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THE ARCHIVES OF INTERNAL MEDIGIRE 


2 Determine tlie acidit}'- on specimens of nime obtained at time of 
administration of the alkali and on single specimens passed iiithin the 
followmg SIX or eight honis 

3 If marked reduction in urinary acidity occurs^, alkali not 
mdicated and should not be given 

4 If no reduction is noted, alkali should be given until the dcsiied 
effect on the urine is noted 

SUltMAEY 

1 A condition of acidosis appeals to exist in a gieat varietj of 
pathological conditions 

2 A simple clinical test is pioposed foi the detection of acidosis, 
whatever its origin 

3 A rational use and contiol of alkali in theiapeutics is proposed 



STUDY XX' THE EFFECT OF DIURETIC DRUGS OX THE 
LIFE OF ANIMALS WITH SEVERE ACUTE 
NEPHRITIS ' 

CHANDLER WALKER, MD and R P DAWSON MD 

BOSTON 

In a previous paper, Christian and O'Haie^ have reported a detri- 
mental effect of the diuretic drug, diurctm, in severe acute nephiitis 
produced in rabbits b}^ injections of uranium nitiate Thcrefoie, vre 
■were interested to study the effects of othei diugs commonly employed 
by clmicians as diureties, such as theocm, caffein, potassium acetate and 
spartem sulphate The latter diug is included, as it is used by some 
clmicians as a diuietic, though not generally regaicled as a diuretic in the 
same sense as the others 

Acute nephritis was pioduced m rabbits by uiannmi nitiate Thiee 
and one-half mg of uranium nitrate was dissolved mice of stciilc 
distilled water, and the solution so made was given mtia\enously Each 
animal received two doses twenty-four houis apait of 3 5 mg of uranium 
nitrate per kilo of bodv weight Uianium nitrate was employed to pioducc 
the nephritis because it causes a lesion beai mg much resemblance to acute 
nephritis m man, and because previous work m this laboratory had made 
us familiar with its action With tlic^-e doses the nephritis is of a seveie 
type, usually rapidly fatal 

The diuretic drugs weic dissolved in steiilc distilled watei and weic 
given intravenously, twice dailj", the fiist dose twenty-four liours aftei 
the last (second) uianium injection The drugs ivcro given m amount's 
in propoition to those oidmarily given to an adult man weighing 170 
pounds, that is, iheocm- was given m 5 mg doses pei kilo of bodv 

This IS one of a senes of studies on oxpei nneiital cardio lenal disease 
Study I, Smith, Boston Med and Surg Jour, 1908, clviii, 69G, Study II, Chns- 
tion, Boston Med and Surg Joui , 1908, clix, 8, Study III, Christian, Joui Am 

Med Assn, 1909, liii, 1792, Studies IV-XV, Christian, Smith and Walkei, The 

Abchives Int Med, 1911, viii, ^08-551, Study XVI, Chiistian and O’Hare, Inn 
ABCinvES Int Med, 1913, xi, 517, Studies XVII and X^HIl, O’lTaie The 

AnciirvES Int Med, 1913, xii, 49, Gl, Study, XIX, Christian and O’llaie, 

Jour Med Research, 1913, xxviii, 227 

From the laboratory of the department of the Theoiy and Practice of Physic, 
Medical School, Harvard University, and the Medical Clinic of the Petei Bent 
Brigham Hospital, Boston 

Submitted for publication IMay 21, 1913 

1 Christian and O’Hare Study XVI, The Anenivrs In i jMed 

2 Theocm sodium acetate (soluble theocm) F Bayei & Co, Geimany, 
Caffein, Merck & Co , potassium acetate, obtained of local druggist, spaitem 
sulphate Merck & Co 
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weiglit, caHem in 3 mg doses pel kilo of body weight, potassium 
acetate in 14 mg doses pci kilo of body weight, and spartem sulphate 
in 0 42 mg doses per kilo of body weight Because of the slight solubility 
in water of cafCein, all the drugs were dissolved in equal and rather large 
amounts of water Each solution was made so that the above dose of 
the drugs was contained in 4 cc of water; therefore, each animal 
received with the drug 4 c c of water pei kilo of body weight 

Since such large amounts of water when given intravenously might 
be detrimental or otherwise in such cases, and second^, since water 
itself IS a good diuretic, the effect of the water was tested on other rabbits 
having a similar experimental nephritis To them was given intraven- 
ously, twice daily 4 c c of sterile distilled water pei kilo of body weight 

Normal rabbits were given water alone m similai amounts by the 
same methods, and also similar doses of the vaiious drugs dissolved in 
equal amounts of water in order to determine the toxicity of the drugs 
These animals serve as controls for the experiments with acute nephritis 

The effect of the diuretics, whether detrimental or beneficial, was 
judged by the length of life of the animals receiving them as compared 
with that of control rabbits which had a similar acute nephritis The 
length of life m all cases was reckoned from the first injection of the 
uranium nitrate until the death of the animal 

FIRST SERIES OP EXPERIMENTS 

In the first series (Table 1) 33 rabbits of vaiying weights were given 
two intravenous injections of uranium nitrate, 3 5 mg per kilo of body 
weight, twenty-four hours apart After an inteival of twenly-four hours 
more a group of 7 of these habbits were given intravenous injections of 
theocin 5 mg (in 4 c c of water) per kilo of body weight twice daily , 

7 others were given similaily caffein 3 mg per kilo of body weight, a 
third group of 7 potassium acetate 14 mg per kilo of body weight, and a 
fourth group of 7 were given spartem sulphate 0 42 mg per kilo of body 
weight, the remaining five rabbits were used as controls and were given 
no diuretics, these having had only the uranium nitrate Of the 7 given 
theoein, 1 died in 3% days, 4 in 4 and a fraction days, 2 in 5 and a 
fraction days The average term of life of the gioup was 4 4/7 days, and 
the aveiage numbei of doses of theocm per animal was seven The group 
given potassium acetate ran a parallel course to those given theocin, 1 
died in SVs days, 3 in 4 and a fraction daj'^s, and 3 in 5 and a fraction 
days The average length of life of this group was 4 4/7 days, and the 
average number of doses six per animal The group given caffein lived 
slightly longer than the two previous groups Three rabbits died in 4 
and a fraction days, 3 in 5 days and 1 lived 6% days, this latter animal 
brought the average length of life of the group up to 5 days, and the 
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THE ARGHIYES OF TSTERHAL MEDICINE 


average numbei of doses per animal up to seven The group of spartein 
animals lived a longer time both singly and collectively than did the 
previous thiee gioups One spaitem labbit lived 4% days^, 4 lived 5 and 
a fraction days, 1 lived 10 days, and 1 suivived entiiely, the injections 
being discontinued on the seventh day The average length of life of 
this group, excluding the suiviving rabbit, was 6 and a fi action days, 
and the average numbei of doses per animal was eight and two-sevenths. 
Of the 5 controls, 2 died in 4 and a fi action days, 1 on the 8th day, 1 on 
the 10th and 1 on the 14th day , an average length of life of 8% days 
In compaiing the effect of these diuietic diugs on this series of 33 
rabbits having an acute nephritis, it is evident that theocin and potassium 
acetate shortened the aveiage life of the animal b}’’ almost one-half, and 
individually only two contiols died befoie all the theocin and potassium 
acetate animals died Caffein shoitened the average length of life by 3 
days, and all weie dead before 3 of the 5 contiols, still, caffein was not 
quite so detrimental as the previous two diugs It may be said that 
spartein sulphate also was to some extent detrimental since 5 animals 
died during the time only 2 contiols died, on the other hand, 1 spaitein 
sulphate animal survived while none of the control animals suivived 
Spartein is much less harmful than the previous drugs used in this series, 
since only 1 died as early as 4l^ days, and 2 died in 5y^ and 5% days, 
respectively, by which time all animals of the previous gioups had died; 
in addition, 1 spaitem rabbit lived 10 days and 1 survived entirely 
Therefore, we may conclude that theocin, caffein and potassium acetate 
as given in these animals are very detrimental in acute experimental 
nephritis, in that they shorten materially the life of the animal How- 
ei er, since rhese drugs were given in rather large amounts of water (4 c e 
per kilo) for intravenous injection, it might be considered that the water 
played an impoitant part in the acute nephiitis fatalities, either by 
making extia work for the kidneys, oi by causing hemolysis of the led 
blood-cells and consequently hemoglobin poisoning or otherwise On the 
other hand with these large amounts of water, the drugs were greatly 
diluted and consequently less irritating In order to determine the ill 
effects of any of these large amounts of water, the following series of 
animals were studied 

SECOND SERIES OF EXPERIMENTS 

The second senes of 8 labbits (Table 2) were given an acute nephntis 
as in the pievioiis senes, and to 4 weie given intravenously 4 cc of 
sterile distilled water per kilo of body weight twice daily, the other 4 
being controls Of the 4 given watei, 1 died in 2i^ days, 1 in 31/3 days, 
and 2 died in 4 days, an aierage length of life of 5 5/12 days Of the 
4 controls, 1 died in 3i/o days and 3 in 4 days, an average length of life 
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of 3 5/6 days In compaimg the animals individually, it is noted that 
in each gioup, 1 died in 3% da 3 S, and 2 in 4 days, therefore, each group 
ran a parallel couise for thiee animals The fourth animal in the water 
group died oi er a day soonei than the fourth control Consequently one 
might think that the water plaj^ed an impoitant pait in one animal at 
least Since the controls died so shortly aftei injection and all the water 
ones as well, we feel that these animals weie unusually susceptible to 
uranium nitrate That such is frequently the case is well known to those 
who have used uranium This is substantiated by 19 control rabbits used 
m another expeiiment treated in the same way in which the average 
length of life was 6 days Isot being satisfied with the unusual early 
deaths of this series, this pait of the woik was repeated 


TABLE 2 — ErrccT or SxcniLt: Watch Ixjectioxs in Uranium Nephritis 
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* Tins rabbit died immediately following last injection Exit with convul- 
sions, probably due to embolism 


THIRD SERIES OF EXPERIMENTS 

A third series of 8 rabbits (Table 3) were used to repeat the work of 
the pievious series Of the 4 rabbits in this series receiving water, 2 died 
in 4% days and 2 in 5% days, whereas of the 4 controls, 1 died in 4% 
days and 1 in 5% days, and 2 entirely survived This substantiates the 
results of the previous series, m that water in such large amounts intra- 
venously does have in some cases a detrimental effect But this effect is 
not constant, as was that with theocin, caffcin and potassium acetate, 
neither was the effect so rapidly fatal since the rabbits receiving water 
all died in 4% and 5% days, whereas in the theocin series 6 of the 7 
animals died inside of 4% days, and in the caffein and potassium acetate 
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senes 5 died inside of 5 days, and of these early deaths in each senes 3 
died on the Ith day The spaitein senes parallels fairly closely the -water 
series Therefore, -we may consider that -water in such cases is detri- 
mental to a certam extent in general, and may be very harmful in some 
cases This substantiates more or less that diuretics (-water being con- 
sidered a diuretic) are detrimental in acute nephritis, but water is not 
as harmful as the diuretic drugs 

This brings up the question, are these drugs m themselves toxic ^ 
The next series was used to study the toxicity of the drugs and also of 
water alone in such large amounts when given intiavenously to normal 
animals 


TABLE 3 — ^Effect of Stehile Water Injections in Uranium Nephritis 
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PO-UETH SERIES OF EXPERIMENTS 

The fourth series consists of 12 normal rabbits, to 4 of which sterile 
water in doses of 4 c c per kilo of body weight was given intravenously, 
and to every 2 of the remaining 8 rabbits was given mtravenously 
theocm, caffem, potassium acetate and spartein sulphate, respectively, 
usmg the same amounts of drug and water per kilo of body weight as 
was used m the first series of 33 animals which had an acute nephritis 
All of these 12 rabbits sur-vived 4 days of twice daily intravenous injec- 
tions, that IS, eight mjections altogether, and all appeared normal and 
none the worse for the treatment, except that their ear veins were so 
thrombosed and injured that intravenous mjections had to be discon- 
tmued These rabbits received more intravenous injections than did the 
nephritis series and survived them in good condition, whereas the rabbits 
in the first series showed signs of failure usually a day before death, and 
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they died with seven or less injections. Consequently this series would 
seem to prove that the watei alone and the diuretic diugs alone were not 
toxic when given intravenously in large doses to normal animals^ over a 
reasonable length of tune 

Histological study of the kidneys of all of the rabbits that died showed 
a severe grade of nephritis with but little variation in appearance in the 
different kidneys 

CONCLUSIONS 

We feel that the following conclusions may be safely considered fiom 
this work and that they suggest a similar effect m man 

1 The diuietic drugs, theocin, caffein and potassium acetate defi- 
nitely shorten the life of a rabbit having a severe acute experimental 
nephiitis produced by uranium nitrate. 

2 Theocin and potassium acetate gave quite parallel results and were 
slightly more harmful than caffein 

3 Spartem sulphate although not nearly so deti imental as the other 
drugs, however, did, m some cases, shorten the animaks life 

4 Water in large amounts is deti imental in some cases, possibly 
depending on the severity of the nephritis 

5 The diuretics alone in large doses and water alone in large doses 
when given intravenously to normal animals for a reasonable length of 
time do not shorten their life and probably are not toxic in themselves 

6 Diuretics are probably contra-indicated in severe acute nephiitis 
in man, since in animals in such cases they shorten life 

Peter Bent Biigliam Hospital 


A CONTRIBUTION TO THE BACTERIOLOGY OF THE 

DUODENUM 


WARD J LIacNEAL, PhD, MD, and ARTHUR E CHACE, AM, MD 

NCW TOBK 

Escherich/ in his study of mtesimal bacteria in childien, found that 
the small intestine during the intervals when only intestinal secretions 
are piesent is almost fiee fiom baeteiia Tissiei^ examined the duodenal 
fluid obtained at autopsy fiom childien dying without digestive derange- 
ment He found in his cultures numerous colonies of B coh and the 
enterococcus of ThierceliUj together with other oiganisms in small 
numbers Experimental work on ammals and observations on men 
undergoing surgical operations by Cushing and Livingood® and by 
Kohlbrugge/ has shown that the small intestine becomes practically 
geim-free in the absence of food material, and speaks of autosterilization 
of the small intestine The factors on which this autosterilization 
depend are not definitely known 

In adults the bacteria of the duodenum have been studied by Gessner®^ 
in eighteen eases in which autopsy was performed soon after death 
Cases of digestive disturbance were excluded from the series Gessner 
found an organism probably identical with B lacUs aeiogenes in large 
numbers m eight cases, B coh very frequently, two other types of bacilli, 
two kinds of staphylococci and one variety of streptococcus Quantitative 
data were not obtained 

Hess” has studied the bacteria in the duodenal fluid of infants, 
employing a duodenal catheter to obtain the fluid He found the 
staphylococcus to be the most common organism m the duodenal fluid of 
young mfants In examining fifteen cases he found only once the colon 
bacillus, or, indeed, any gas-producing organism, a result distinctly 
diSerent from that obtained by previous study of the duodenal fluid 
obtamed at autopsy Hess suggests the use of the duodenal tube in 
studying the duodenal flora of adults, especially for the purpose of 
detecting the presence of typhoid bacilli 

* From the Department of Laboratories and Department of Medicine of the 
Hew York Post-Graduate Medical School and Hospital 

* Sumbitted for publication May 3, 1913 

1 Eschench Die Darmbakterien des Sauglings, 1886 

2 Tissier Ann de ITnst Pasteur, 1905, xix, 109 

3 Cushing and Livingood Contributions to the Science of Medicine dedicated 
to W H Welch, 1900, p 543 

4 Kohlbrugge Centralbl f Baktenol , 1901, xxix, 571, xxx, 10 and 70 

5 Gessner Arch f Hyg , 1889, ix, 128 

6 Hess Jour Infect Dis , 1912, ii, 71 
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Oul own obsei's aliens wcie undei taken in older lo peifect a iechnic 
by wliicb duodenal fluid suitable for bacteriological study could be 
obtained fiom adults and to gam some knowledge concerning the microbes 
present in the duodenum in health and in gastro-intestmal disturbances 

TECHNIC OP OBTAINING DUODENAL CONTENTS 

The duodenal tube consists of a small soft lubber tube, external 
diametei 3 5 mm , beaiing at the lowei end a perfoiated gold tip This 
tube is sterilized by boiling m watei foi at least ten minutes Befoie 
intioducing the tube a gelatin capsule, which had been soaked for several 
days m 95 pei cent alcohol, is picked up with steiile forceps and tightly 
fitted over the gold tip of the tube The tube with the gelatin capsule 
in place is dipped in shellac and dried several times until it is well 
coveied The coating of shellac pi events the gelatin capsule fiom being 
dissohed in the stomach Seieial othei methods were tried before the 
above was adopted, soaking the capsule in foimaldehyd solution rendered 
it so hard ihat it would not dissohe m the duodenal juice, covering the 
tube with shellac without the use of the gelatin capsule filled up the 
peifoiations of the gold tip so effectually that the duodenal juice could 
not penetrate them, the use of thin lubbei tissue over the tip of the tube 
and bursting it by inflation after the tube was in place was found to be 
impracticable 

After the tube is sterilized and the gelatin capsule in place and well 
coveied ivith shellac, it is placed in the patient’s mouth with instiuctions 
for him to swallow it With the patient lying on his right side the tube 
is usually earned by the peristaltic waves of the stomach into the duo- 
denum in about twenty minutes Its position can be demonstrated either 
by the fluoroscope or by examination of the aspirated contents The tube 
IS usually given at half past 10 at night and the duodenal contents 
aspirated with a sterile glass syringe at about nine in the morning, then, 
with the tube in place, an Ewald test-breakfast is given and the duodenal 
contents aspirated one hour later Patients sometimes object to taking 
the test-breakfast with the duodenal tube ^n sihi Occasionally, the tube 
is passed at 7 a m , and the duodenal contents aspirated at 9 a m This 
method is more acceptable to the patient and seems to give as accurate 
lesults as the introduction of the tube at night 

The laboratoiy study of the duodenal fluids’" consists of macroscopic 
and microscopic examination of the fluid, a direct microscopic count of 
the bacterial cells by the Wmterberg method, quantitative inoculation of 
cultuies on litmus-lactose-agar plates, ascitic-fluid-agai plates, shake- 
tube cultures according to the method of Veillon® in ascitic-glucose agar, 

7 For a more detailed consideration of the methods see MacNeal, Latzer 
and Kerr, Jour Infect Dis , 19Cf9, vi, 123 and 671 

8 Veillon and Zuher Arch de m§d exper , 1898, series 1, x, 517 
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and cultures in fermentation tubes of glucose bioth and lactose broth 
In addition, a portion of the fluid is heated to 80 C for ten minutes and 
inoculated m measured quantities mto Veillon tubes of ascitic-fluid- 
glucose-agar and fermentation tubes of glucose and lactose broth for the 
detection of spores 

DETAILED RESULTS OF EXAMINATION 

The results obtained with the flrst nine samples of fluid are omitted 
from this paper because of various faults in lechnic, relating more 
particularly to the removal of the material from the patient. There 
remam twenty-six fluids derived from twenty-four different patients, 
each of two patients having been examined twice 

Fluid 10 was removed from the patient E L , 22 years old, who had suf- 
fered from alcoholic neuritis for the past year He complained of severe pain 
in the abdomen and lower chest His general nutrition was good and the 
analysis of his gastric contents after an Ewald test-breakfast was practically 
normal — total acidity 58 and free hydrochloric acid 28, expressed as cc of 
decinormal acid per 100 c c of gastric juice Analysis of his urine and exami- 
nation of his feces showed no signs of gastro enteric disturbance 

The duodenal tube was introduced to a distance of 85 cm from the incisor 
teeth at 10 30 p m November 7 The next morning an Ewald test-breakfast 
was given at 8 o’clock and at 9 a m 25 cc of duodenal contents Mere aspirated 
by means of a sterile glass syringe Part of this, 15 c c , was used for chemical 
study, which showed the presence of lipase, trypsin and bile The remainder 
was subjected to bacteriological examination 

The latter specimen consisted of approximately 10 c c of a greenish-brown 
fluid with an abundant greenish-yellow sediment, amounting to about 2 5 c c 
in the bottom of the tube It was odorless Microscopically the sediment was 
found to consist of starch grains and a moderate number of yeast cells The 
direct microscopic count showed 132,500 bacterial cells per milligram of fluid, 
most of them staining very feebly with the methylene blue The plates of 
litmus lactose agar inoculated with 01 c c and 0 002 c c of fluid remained 
sterile after four days at 37 C The plate of ascitic-fluid agar inoculated with 
0 1 c c showed one colony, a Gram-positive, gelatin-liquefying coccus. Strain 1 
The Veillon tubes and fermentation tubes showed no growth 

Fluid 11 was obtained from the patient C L , aged 32, who had suffered 
from gastric ulcer for the previous six months Soreness in the epigastrium 
and pain immediately after meals were the most prominent symptoms He 
was a fireman by occupation and was well developed physically His stomach 
contents showed total acidity, 75, and free hydrochloric acid 50 Examinations 
of the urine and feces were negative 

The duodenal tube was introduced at 10 30 p m Nov 6, 1912, to the dis- 
tance of 85 cm from the incisor teeth At 8 a m , November 7, an Ewald test- 
breakfast was given and, one hour later, 15 c c of duodenal contents m ere 
aspirated by means of a sterile glass syringe Part of this, about 8 c c , was 
examined chemically Its total acidity to phenolphthalein was 25, lipase and 
trypsin were present Tlie remainder was used for the bacteriological exami- 
nation 

There were 7 cc of a greenish-yellow fluid containing a finely divided yel- 
low sediment occupying the lower 2 cc The supernatant fluid was opalescent 
and odorless Microscopic examination showed many starch grains, a moder- 
ate number of yeasts and crystals of cholesterin The direct microscopic count 
showed 232,000 bacteria per milligram, most of them staining well with the 
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metlijlene blue, and 12,000 yeast cells per milligram On the plates of litmus 
lactose agar 1,630 bacteria pei c c developed into colonies, and on the ascitic- 
fluid agar 930 per c c Two of these colonies, one a micrococcus and one a 
bacillus, were transplanted and designated as Strains 2 and 3, respectively 
The fermentation tubes gave positive growth, but there was no production of 
gas after five days The Veillon tubes developed 1,200 colonies per c c Cul- 
tures inoculated with the heated fluid (spore material) gave no growth 

Fluid 12 was obtained from the patient G H, female, 27 years old, who had 
suffered from duodenal ulcer with the usual symptoms for the previous year 
Gastric analysis showed the total acidity to be 37 and free hydrochloric acid 10 
The examinations of urine and feces were negative The duodenal tube was 
intioduced at 10 30 p m , November 8, to the distance of 85 cm At 9 30 a m , 
Noiembei 9, without the ingestion of any food in the meantime, 13 c c of 
duodenal contents were aspirated Tlie chemical examination showed a total 
acidity of 8, and the presence of amylase, lipase and trypsin A poition of the 
fluid lias used for bacteriological examination 

The sample of fluid amounted to 3 5 c c It was oiange yellow and clear except 
for a small amount of white flaky mateiial There was no perceptible odor 
jNIicroscopic examination of the sediment showed mucous threads, a few small 
flat crystals, apparently cholesterin, and a moderate number of bacteria By 
the direct microscopic method 2,600 bacterial cells per milligram weie counted 
On the plates of litmus lactose agar 160 bacteria per c c , and on the plates of 
ascitic fluid agar 1,144 bacteria per c c developed into colonies Three colonies 
were transplanted from the latter set of plates and the bacterial strains desig- 
nated as 4, 6 and 6 The fermentation-tube cultures remained free from gas 
after eight days Tlie Veillon tubes of ascitic-fluid glucose agar brought to 
development about 1,200 bacteria per cc of fluid inoculated The tubes inocu- 
lated with spore material remained sterile 

Fluid 13 was obtained from the patient S W , 52 years old, suffering from a 
mild attack of cholecystitis, probably with gall-stones The pains weie general 
over the right hypochondnum The patient was ^^ell nouiished and in good 
physical condition Gastric analysis showed total acidity 60, and free hydro- 
chloric acid 30 Urine analysis was negative The feces were veiy acid and 
contained much undigested material The duodenal tube was introduced at 
10 30 p m , November 8, to the distance of 95 cm from the incisor teeth An 
Ewald test-breakfast was given at 9 a m , November 9, while the tube remained 
in position, and at 10 a m 12 c c of duodenal contents were aspirated The 
chemical analysis showed total acidity 10 (phenolphthalein) , and the presence 
of lipase, trypsin and bile The major portion of the fluid was used foi the 
bacteriological examination 

There were approximately 10 c c of lemon yellow viscous fluid Consistency 
was about that of the white of an egg It was almost perfectly clear Micro- 
scopic examination of the sediment showed a few yeasts and bacterial cells 
By the direct microscopic count OOQ bacteria per milligram were found On 
the plates of litmus lactose agar and ascitic fluid agar only 4 bacteiia per cc 
developed into colonies Two colonies were ti'ansplanted from the latter set 
of plates and the cultures designated as Strains 7 and 8 The fermentation- 
tube cultures showed no production of gas and the Veillon tubes remained 
sterile The cultures inoculated with spore material also remained sterile 

Fluid IJf was obtained from the patient M G at 9 30 a m , Nov 11, 1912 
The patient was a woman 36 year old suffering from a gastric ulcer for the 
previous two years Radiographs showed an hour-glass contraction of the stom- 
ach There was an area of exquisite tenderness over the epigastrium The 
patient was under nourished and moderately anemic She had lost several pounds 
in weight No free hydrochloric acid was present in the gastric juice and the 
total acidity of it was 8 Examinations of urine and feces were negative The 
duodenal tube was introduced at 10 30 p m , Novembei 10, to the distance 
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of 98 cm No food was taken after 6 pm, November 10 Between 9 15 a m 
and 9 50 a m, November 11, 19 cc of duodenal contents weie aspirated The 
chemical analysis showed a total acidity of 8 ( plienolphthalein ) and the pres- 
ence of amylase, lipase and trypsin A pait of the fluid was used for bacterio 
logical examination 

The latter poition measured about See and consisted of an odorless, slightly 
smoky, yellow fluid containing a small amount of flocculent precipitate, dis- 
tributed throughout the fluid / There was a little foam on the surface Micro- 
scopic examination of the sediment showed large numbers of hacteiia and, by 
diiect microscopic count, 44,300 pei milligram of fluid were found On the 
plates of litmus lactose agar 9,200,000, and on the ascitic fluid agar 3,900,000 
bacteria per cc of fluid developed into colonies Strains 9, 10, 11, 12 and 13 
were taken from the former, and Strains 14, 15 and 16 from the latter set of 
plates Glucose broth and lactose broth in fermentation tubes, inoculated with 
01 c c , 0 002 c c and 0 0002 c c Avas fermented with the production of 40 to 
75 per cent of gas, and in one tube there was 100 per cent gas in the closed 
arm The Veillon tubes developed colonies too numerous to count, most of 
them near the free surface The tubes inoculated wutb spore material remained 
sterile 

Fluid 15 was obtained fiom patient T B, male, aged 34, suffering for the 
previous ten years from duodenal ulcer During this peiiod he had free inter- 
missions between attacks of intense pain and hemorrhage into the bowel Gas 
trie analysis sbow’ed total acidity 89, and free hydrochloric acid 70 Tliere 
was no food retention in the stomach o\er night Examinations of the urine 
and feces Aveie negative The duodenal tube was introduced at 10 p m, Novem- 
ber 11, to the distance of S3 cm Tlie last food was taken at 6 p m, Novem- 
ber 11 November 12 at 9a m 9cc,at9 10 a m 7cc, and at 10 a m See 
of the duodenal contents Avere aspirated The chemical analysis of the first por- 
tion aspirated shoAved total acidity 5 (plienolphthalein) and the presence of 
amylase, lipase and trypsin The second portion, aspirated at 9 10 a m , 
showed a total acidity of 15 and again amylase, lipase and trypsin The fluid 
withdiawm at 10 a m Avas used for the bacteriological examination 

The sample consisted of about 3 c c of almost clear, golden yellow fluid Avith 
a small amount of mucoid sediment A slight odor suggestive of fresh fish was 
noted Microscopic examination of the sediment showed very little formed 
material, a few irregulai flat crystals, probably cliolesterin, and some veiy 
finely divided vegetable material Direct microscopic count showed 6,800 bac- 
terial cells per milligram On the plates of litmus lactose agar 10 bacteria per 
c c , and on ascitic-fluid agar 7 0 bacteria per c c developed into colonies Two 
colonies were transplanted from the latter senes of plates and designated as 
Strains 17 and 18 All the fermentation-tube cultures remained fiee fiom gas 
Of the Veillon tubes, one developed seven colonies and another a single colony 
These tubes were each inoculated Avith 0 1 c c of the fluid Tubes inoculated 
with smaller quantities remained sterile Strains 19 and 20 Avere taken from 
the colonies in these tubes The media inoculated with spore material remained 
sterile 

Fluid 16 was obtained from patient B D , female, aged 24, suffering for the 
past SIX months from obstinate constipation with severe colonic pain and per- 
sistent headache The radiograph showed the transverse colon to be prolapsed 
as far dowm as the pelvis The patient had a pasty complexion but was Avell 
nourished The gastric contents after an Ewald test-breakfast shoived total 
acidity 50, and free hydrochloric acid 15 Examinations of the urine and feces 
Avere negative The duodenal tube Avas introduced at midnight November 12 
to the distance of 85 cm At 9 30 a m , without ingestion of food during the 
interval, 6 c c of duodenal contents were aspirated The chemical examination 
showed total acidity 15 (phenolphthalem), and the presence of amylase, lipase 
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and trj'psin A small amount of the fluid uns used for bacteriological exami- 
nation 

The specimen consisted of approximatelj’- 1 c c of clear, golden yellow fluid 
■^Mth a small amount of sediment Micioseopic examination of the sediment 
showed bacilli and miciococci By the direct microscopic counting method 
148,250 bacteria per milligram of fluid ueie found Plates inoculated with 0 1 
c c and 0 002 c c of the fluid remained sterile, and the fermentation tubes 
remained free fiom gas One of the Veillon tubes inoculated with 0 1 c c of 
fluid showed a suiface growth, which was transplanted and designated as Strain 
21 The tubes inoculated with spore material remained fiee from growth 

Fluid 11 was obtained from the patient F S, male aged 43, suffeiing fiom 
intestinal and pulmonary tuberculosis Four 3 ears previously he had had about 
8 inches of the ileum remoAed for relief of a tuberculous stiicture Tuberculosis 
recurred in his intestine and became manifest in his lungs about three years 
later The patient w’as anemic and had lost seveial pounds in w'eight Gastiic 
analysis showed total acidity 35, and free hydrochloric acid 20 Examinations 
of the feces and urine were negative The duodenal tube was introduced at 
10 30 p m , November 13, to the distance of 83 cm At 9 10 a m , without 
ingestion of food in the interval, 12 c c of duodenal contents w'ere aspirated 
Chemical examination showed total acidity 13 (pheiiolphthalein) , and the pres- 
ence of amylase, lipase and tiypsin A small portion of the mateiial was reserved 
for bacteriological stud^' 

The sample consisted of approximately 3 c c of an almost perfectly clear, 
golden 3'ellow, odorless fluid Microscopic examination of the sediment showed, 
micrococci and some umdentifled dChiis By the microscopic counting method 

07.000 bacterial cells per milligram of fluid were found Special microscopic 
examination for acid-pioof bacilli was negative Of the two sets of plates inocu- 
lated with 0 1 c c and 0 0002 c c of fluid, onl}’^ the one plate of ascitic-fluid 
agar inoculated with 0 1 cc gave an}' giowth This show'ed three colonies, 
equivalent to 30 bacteria per c c of fluid Tw 0 of these colonies w'ere trans- 
planted and the cultures designated as Strains 22 and 23 All the feimentation 
tubes remained free from gas The Veillon tubes inoculated with 0 1 c c and 
0 0002 cc each developed a single colon}' These were tiansplanted and desig- 
nated as Strains 24 and 25 The tubes inoculated wuth spore material lemained 
sterile 

Fluid 18 was obtained from the patient J F, male, aged 24, convalescing 
from an attack of influenzal pneumonia of two weeks’ duiation The patient 
was fairly well nourished Gastric analysis w'as not made Examinations of 
the urine and feces W'ere negative 

The duodenal tube w^as introduced at midnight November 13 to the distance 
of 03 cm At 9 30 a m , without the ingestion of any food in the meantime, 
15 e c of duodenal contents w'ere aspirated The chemical examination showed 
total acidity 20 (phenolphthalem) , and the presence of amylase, lipase and tryp- 
sin A part of the fluid was used for bacteriological examination 

The sample for baetei lological study was approximately 3 c c of gi eenish- 
yellow, cloudy fluid, containing some flakes of mucus Microscopic examination 
of the sediment showed only umdentifled d6bris By the direct counting method 

125.000 bacterial cells per milligram of fluid were found Special microscopic 
examination for acid-proof bacilli gave a negative result On the plates of 
ascitic-fluid agar 3,400,000 bacteria per c c developed into colomes, and on the 
litmus lactose agar 2,300 per c c The fermentation tube of glucose broth inocu- 
lated with 0 1 c c produced a small bubble of gas and the lactose broth inocu- 
lated with the same amount produced 30 per cent gas in the closed arm Those 
inoculated with 0 0002 c c and with 0 1 c c of spore material produced no gas 
The Veillon tubes, even those inoculated with 0 0002 c c of the fluid, developed 
colonies too numerous to count Subculture Strains 26, 27, 28, 29 and 30 were 
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taken from the plates of ascitic fluid agar and 31 and 32 from the plates of 
litmus lactose agar 

Fluid 19 was obtained from the patient C F , female, 25 years old, suffering 
fiom neuritis, with indefinite pains over the abdomen The patient had well 
developed hysteria Gastric analysis showed total acidity 64, and free hydro- 
clone acid 30 Examinations of the urine and feces were negative 

The duodenal tube was introduced at 10 30 p m , November 14, to the dis- 
tance of 79 cm The next morning at 9 30 a m , without ingestion of food in 
the meantime, 10 c c of duodenal contents were aspirated Tlie chemical exami- 
nation showed a total acidity of 10 (phenolphthalein), and the presence of 
amylase, lipase and trypsin 

The specimen for bacteriological study consisted of approximately 6 c c of 
odorless, cloudy, golden yellow fluid Microscopic examination showed bacteria 
and yeasts amounting to 360,000 bacterial cells, and 1,320 yeast cells per milli- 
gram of fluid Plates inoculated with 0 1 c c and 0 0002 c c remained free from 
colonies, except the plate of ascitic-fluid agar inoculated with 0 0002 c c , on 
which two surface colonies developed Although these probably represented 
contaminations they vere transplanted and the strains designated as 33 and 34 
The fermentation tubes and Veillon tubes inoculated with 0 1 c c and 0 0002 c c 
remained sterile 

Fluid 20 was obtained from the patient W D , male, aged 18, suffering from 
a typhoid relapse The duodenal tube was introduced at 10 30 p m , November 
14 The next morning the patient drank milk ^^hlle the tube remained in 
position, and at 11 a m about 2 cc of duodenal contents were aspirated It 
was used for the bacteriological examination 

There were approximately 2 c c of cloudy, greenish-yellow fluid, with a slight 
odor suggesting cheese The direct microscopic count showed 775,000 bacteria 
per milligram of fluid Plate cultures on ascitic fluid agar brought to develop- 
ment 1 600,000, and on litmus lactose agar 1,100,000 bacteria per c c of fluid 
From the former set of plates six colonies were transplanted and preserved as 
Strains 35, 36, 37, 38, 39 and 40 Seven alkaline colonies were transplanted 
from the plates of litmus lactose agar and these strains were designated as 41, 
42, 43, D20(l), D20(2), D20(3) and D20(4) The fermentation tube of 
glucose broth inoculated with 0 05 c c of the fluid showed 10 per cent gas in 
the closed arm after four days and that of lactose broth showed 75 per cent 
gas The fermentation tubes inoculated with 0 0002 c c of the fluid and with 
0 1 c c of spore material remained free from gas The Veillon tubes inoculated 
with 0 05 c c and 0 0002 c c of the fluid developed colonies too numerous to 
count The one inoculated with spore material (0 06 c c ) , showed no growth 
Fluid 21 was obtained from the patient J K , female, aged 64, suffering from 
atrophic gastritis ° She complained of anorexia, vomiting and general weakness 
Gastric analysis showed total acidity 10, and free hydrochloric acid 0 There 
were a few pus cells in the gastric lavage Examinations of feces and urine 
were negative 

The duodenal tube was introduced at 10 30 p m , November 15, to the dis- 
tance of 99 cm At 12 30 noon, November 16, without ingestion of any food 
in the meantime, 5 c c of duodenal contents were aspirated Chemical analysis 
showed total ticidity 10, and the presence of amylase, lipase and trypsin 

The portion for bacteriological study was approximately 5 c c of cloudy, 
golden-yellow fluid, with a flaky sediment The microscopic findings and the 
direct bacterial count were not recorded Plate cultures on ascitic-fluid agar 
brought to development 1,000,000 bacteria and on litmus lactose agar, 1,600,000 
bacteria per c c of fluid The usual fermentation tube cultures of lactose broth 
were not inoculated with this fluid In the fermentation tube of glucose broth 

9 At the time of this examination the condition was diagnosed as gastric 
carcinoma The subsequent history of the case was such that the diagnosis has 
been recognized as in all probability erroneous 
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inoculated AMtli 0 05 cc of the fluid, 30 per cent of gas was produced Similar 
tubes inoculated with 0 0002 c c of the unheated fluid and with 0 02 c c of spore 
material showed no gas The Veillon tubes inoculated with 0 05 c c and 0 0002 e c 
of the fluid developed colonies too numerous to county those inoculated Avith 
spore material remained sterile Five subcultures taken from colomes on the 
plates of litmus lactose agar were designated as Strains 44, 45, 46, 47 and 48 

Fluid 22 was obtained fiom the patient M G, at 12 15 noon, Nov 16, 1912, 
the same patient from whom Fluid 14 had been obtained November 11 See 
page 181 

The duodenal tube was introduced at 10 30 p m , November 15, to the dis- 
tance of 99 cm At 12 16 noon, November 16, about 8 c c of duodenal contents 
Avere aspirated The patient had fasted wdiile the tube remained in position 
The specimen was used for bacteriological examination 

There w'eie appi oximately 3 cc of clear, golden-yellow fluid The results 
of the microscopic examination of the sediment and of the direct bacterial count 
were not recorded On the plates of ascitic-fluid agar 85,000,000 bacteria pei 
c c of fluid developed into colonies, and on the litmus lactose agar 31,000,000 
Two colonies from the latter set of plates were transplanted and the strains 
preserved as 49 and 50, and three strains taken from colonies on the plates of 
ascitic-fluid agar were designated as 51, 52 and 53 Fermentation tubes of 
lactose broth -were not inoculated Fermentation tubes of dextrose broth, inocu- 
lated with 0 1 c c and 0 0002 c c of the fluid, produced 60 per cent and 40 per 
cent of gas, respectively The Veillon tubes inoculated wuth 0 1 c c and 0 0002 
cc of fluid developed colomes too numerous to count The tubes inoculated 
wuth spore material showed no growth 

Fluid 23 M'as obtained from the patient E E , female, aged 40, suffering from 
general enteroptosis and cystitis Analysis of the gastric 3 uice showed total 
acidity 27, and free hydrochloric acid 13 Tlie urine contained much pus 
Examination of the feces was negative 

The duodenal tube was introduced at 10 30 p m , November 17, to the dis- 
tance of 77 cm The patient fasted until 9 30 a m , November 18, when about 
8 cc of duodenal contents were aspirated The chemical examination showed 
total acidity 5 ( phenolphthalein ) , and the presence of lipase and trypsin A 
portion of the sample was used for bacteiiological examination 

The specimen consisted of approximately 3 c c of cloudy, yellow fluid By 
the direct microscopic counting method 124,000 bacteiia per milligram of fluid 
were found On the plates of litmus lactose agar 150 bacteria per c c developed 
into colonies and on the ascitic-fluid agar 660 per cc Three colonies weie 
transplanted from the ascitic-agar plates and the strains designated as 54, 65 
and 56 Four strains were taken from the litmus lactose agar These were 
designated as 57, 58, 69 and 60 Fermentation tubes of glucose broth and lac- 
tose broth inoculated with 0 1 c c and 0 0002 c c of the flmd produced no gas 
Veillon tubes of ascitic-fluid agar brought to development 200 bacteria per c c 
The tubes inoculated with spore mateiial remained sterile Two colonies were 
transplanted from the Veillon tubes and the cultures designated as Strains 
61 and 62 

Flmd 2/f was obtained from the patient E H , female, aged 27, suffering from 
myasthenia gastrica and splanchnoptosis This condition had persisted for several 
years The patient was anemic but fairly well nourished There was no gas- 
tric retention of food over night Gastric analysis showed total acidity 66, and 
free hydrochloric acid 24 Examinations of the urine and feces were negative 

The duodenal tube was introduced at 10 30 p m , November 17, to the dis- 
tance of 85 cm The patient fasted until 9am, November 18, when 10 c c of 
duodenal contents were aspirated Chemical analysis showed total acidity 5, 
and the presence of amylase, lipase and trypsin A small portion of the sample 
was used for bacteriological examination 
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This poition consisted of appi oximately 2 cc of perfectly clear, golden- 
yellow fluid By the direct micioscopic method -196,000 bacterial cells per milli- 
gram of the fluid weie counted Plate cultures on ascitic-fluid agar brought 
to development 130 bacteiia per cc and cultures on litmus lactose agar brought 
to development 80 per c c Three of the colonics on the ascitic-fluid agar were 
transplanted and preserved as Strains G4, 65 and 66 One colony was trans- 
planted from the litmus lactose agar and designated as Strain 67 Fermen- 
tation tubes inoculated with 0 05 c c and 0 0002 c c of the fluid remained free 
from gas Veillon tubes brought to development 50 bacteria per cc of the 
fluid The tubes inoculated with spore material remained sterile One colony 
was transplanted from one of the Vcillon tubes and designated as Strain 63 
Flmd 25 was obtained from the patient W D , male, aged 42, suffering from 
hypertrophic cirrhosis of the Iner No gastric analysis was made The urine 
contained much bile and ihe feces a diminished amount of bile pigment 

The duodenal tube was introduced at 10 30 p m, November 18, to the dis- 
tance of 88 cm No food was taken until after 0 15 a m, No\ember 19, when 
33 c c of duodenal contents were aspirated Chemical analysis showed total 
acidity 3, and the presence of amylase, lipase and trypsin Tlie remainder of 
the fluid was used for bacteriological examination 

This portion consisted of approximately 23 c c of a clear golden-j ellow' fluid 
Direct microscopic count show'ed 78,000 bacteria per milligram of the fluid 
Plate cultures on ascitic-fluid agar brought to development 13,600,000 and on 
litmus lactose agar 2,900,000 bacteiia per cc Four colonies were transplanted 
from the ascitic-fluid agar and designated as Strains 68, 69, 70 and 71, and 
two colonies transplanted flora the litmus lactose agar were designated as 
Strains 72 and 73 Fermentation-tube cultures inoculated with 0 02 c c and 

0 0002 c c of the fluid remained free from gas The Veillon tubes developed 
colonies too abundant to count The tubes inoculated with spore material 
lemained sterile 

Fluid 26 was obtained from the patient J A , male, aged 20, sulTering from 
persistent epigastric pain The Iner and spleen w’ere markedly enlarged and 
the cause of this enlargement wms not ascertained The condition was diagnosed 
as gastric ulcer Gastric analysis showed total acidity 20, and free hydrochloric 
acid 5 Examinations of the feces and urine w'ere negative 

The duodenal tube was introduced at 10 30 p m , November 18, to the dis- 
tance of 91 cm No food was taken until after 9 a m on November 19, when 

1 c c of duodenal contents w'as aspirated This w as used for bacteriological 
examination 

The sample consisted of approximately 1 c c of cloudy, golden-yellow fluid. 
Eight hundred sixty-four thousand bacterial cells per milligram were counted 
microscopically Plate cultures on ascitic-fluid agar brought to development 
850 and on litmus lactose agar 150 bacteria per c c of fluid Two colonies were 
transplanted from the ascitic-fluid agai and designated as Strains 74 and 75, 
and two from the litmus lactose agar were designated as Strains 76 and 77 
Fermentation tubes of glucose and lactose broth inoculated with the fluid 
remained free from gas Veillon tubes brought to development 350 bacteria 
per c c of fluid Tubes inoculated with spore material remained sterile Three 
colonies w^ere transplanted from the Veillon tubes and the subcultures desig- 
nated as Strains 78, 79 and 80 

Fluid 27 was obtained from the patient B B male, aged 34, suffering from 
the recurrence of a chrome gastric ulcer About one year before a gastro- 
enterostomy had been performed because of stenosis of the pylorus due to the 
ulcer He suffered intense epigastric pain which was somewhat relieved by 
vomiting He had lost several pounds in weight and was anemic Gastric 
analysis showed total acidity of 105 and free hydrochloric acid 90 Exami- 
nations of the urine and feces weie negative 
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The duodenal lube was introduced at 10 30 p ni , November 20, to the dis^ 
tance of 80 cm At 10 a m , November 21, before any food was taken, 60 c c 
of duodenal contents weie aspirated Chemical analysis showed total acidity 0, 
and the presence of amylase, lipase and tiypsin About a third of the fluid 
was used for bacteiiological examination 

This portion consisted of appi oximatelj' 20 c c of a very cleai, golden-yellow 
fluid Microscopic examination showed practically nothing but bacterial cells, 
which numbered 10,000 per milligiam of the fluid Plate cultures on ascitic- 
fluid agai brought to development 3,000, and on litmus lactose agar 340 microbes 
per cc of fluid Poui colonies weie tiansplanted from the ascitic-fluid agar 
and pieserved as Strains 81, 82, 83 and 84 Fermentation-tube cultures of 
glucose broth and lactose broth inoculated with 0 1 cc of the fluid pioduced 
60 per cent and 25 per cent gas, respectively Similar tubes inoculated with 
0 0002 cc of the fluid remained free fiom gas The Veillon tubes developed 
enormous numbers of colonies and these weie not counted Tubes inoculated 
with spore material showed no growth 

Fluid 2S was obtained from the patient II G , male, aged 29, suffering from 
asthenic gastritis He complained of heaMness in his epigastrium and peisistent 
bad taste Gastric analysis showed total acidity 12, and fiee hydrochloiic acid 0 
Examinations of feces and urine were negative 

The duodenal tube Avas introduced at 10 30 p m , Novembei 20, to the dis- 
tance of 85 cm No food Avas taken befoie 9 50 a m , November 21, at AAdiich 
time 8 c c of duodenal contents aa ere aspirated The chemical examination 
shoAved total acidity 5, and the presence of amylase, lipase and trjpsin Half 
of the fluid Avas used for the bacteiiological examination 

There was approximately 4 c c of a fluorescent golden-yelloAv fluid The 
microscopic examination AA'as negative except for bacteria, of Avhicli 30,000 per 
milligram of the fluid weie counted Plate cultures on ascitic fluid agar brought 
to development 120, and on litmus lactose agai 50 bacteria per c c Three colonies 
AAcre transplanted fiom the ascitic-fluid agai and the strains designated as 85, 
86 and 87 One subculture taken from the litmus lactose agai Avas designated 
as 88 The fermentation tube of lactose broth inoculated Avith 0 1 c c of the 
fluid produced 75 per cent gas and that of glucose bioth inoculated Avitli a 
similar amount produced 5 per cent Similai tubes inoculated Avith 0 0002 c c 
of the fluid remained free flora gas The Veillon tubes brought to development 
150 bacteiia per cc of fluid, one of those colonies Avas transplanted and pre- 
served as Strain 89 Tubes inoculated AAith spore mateiial remained steiile 

Fluid 29 AAas obtained fiom patient L L, male, aged 23, suffering from a 
tuberculous pyelitis No gastiic analjsis Avas made The urine contained blood 
and pus Examination of the feces AAas negative 

Ihe duodenal tube was intioduced at 10 30 p m, November 24, to the dis- 
tance of 90 cm No food Avas taken AAdiile the tube Avas in position At 9 15 a m , 
November 25, 20 c c of duodenal contents weie aspiiated The chemical exami- 
nation shoAAed total acidity 10, and the piesence of amylase, lipase and trypsin 
A small portion Avas used for bacteriological study 

This pait consisted of approximately 3 cc of cleai, smoky, golden yelloAV 
fluid One hundred fourteen thousand bacterial cells pei milligiam Aveie counted 
by the direct microscopic method Special micioscopic examination foi acid- 
proof bacilli gave a negative result Plate cultuies on ascitic-fluid agar bi ought 
to development 1,600,000 bacteria pei c c , and on litmus lactose agar only 80 
bacteria per c c Four colonies Avere transplanted from ascitic-fluid agar and 
preserved as Stiains 90, 91, 92 and 94, the numbei 93 seeming to have been 
inadvertently omitted Fermentation-tube cultures remained fiee from gas The 
Veillon tubes brought to development 1,000 bacteria per c c of the fluid Taa^ 
of these colonies were transplanted and designated as Strains 95 and 96 Tubes 
inoculated Avith spore material shOAved no gioAvth 
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Fluid 30 was obtained from tlie patient A N, male, aged 48, suffering for 
several years from the symptoms of asthenic gastritis and from constipation, 
with much pain in the lower abdomen Gastric analysis showed total acidity 
14, and free hydrochloric acid 4 The urine contained a trace of indican Exami- 
nation of the feces was negative 

The duodenal tube was introduced at 10 30 p m , November 25, to the 
length of 102 cm No food was taken while the tube was in position At 9 15 
a m , November 26, 10 c c of duodenal contents were aspirated The chemical 
examination showed total acidity 6, and the presence of amylase, lipase and 
trypsin A small portion of the sample was used for the bacteriological exami- 
nation 

This portion was approximately 1 cc of clear, golden-yellow fluid with a 
very small amount of suspended material Microscopic examination showed 
bacterial cells which numbered 33,400 per milligram according to the direct 
microscopic count Plate cultures on ascitic-fluid agar brought to development 
2,600 and on litmus lactose agar 2,400 bacteria per c c Two colonies were 
transplanted from the litmus lactose agar and the cultures designated as Strains 
97 and 98, 99 and 100 Fermentation tubes of glucose and lactose broth inocu- 
lated with 0 05 c c of the fluid produced a small bubble of gas in each Similar 
tubes inoculated with 0 0002 c c remained free from gas The Veillon tubes 
brought to development a large number of bacteria, approximately 10,000 per 
c c of the fluid Two of these colonies were transplanted and the subcultures 
designated as Strains 101 and 102 

Fluid SI was obtained from patient K H, female, aged 48, suffering from 
the symptoms of gastric neurosis and asthenic gastritis, with loss of weight and 
a feeling of heaviness in the epigastrium after meals Gastric analysis showed 
total acidity 32, and free hydrochloric acid 13 Examinations of the feces and 
urine were negative 

The duodenal tube was introduced at 10 30 p m , November 28, to the length 
of 80 cm No food was taken while the tube remained in position At 9 15 
a m , November 29, 2 c c of duodenal contents were aspirated, and this was 
used for the bacteriological examination 

The sample consisted of approximately 2 c c of a very viscid dark bile- 
stained fluid, cloudy and containing a great deal of mucus Microscopic exami- 
nation showed large flakes of mucus, crystals of cholesterin and some bile pig- 
ment By the direct microscopic method 83,000 bacterial cells per milligram of 
fluid were counted Plate cultures on ascitic-fluid agar brought to development 
175,000 and on litmus lactose agar 41,000 bacteria per c c of the fluid Four 
colomes were transplanted from the plates of ascitic-fluid agar, and the cultures 
designated as Strains 103, 104, 105 and 106 Two taken from litmus lactose 
agar were preserved as 107 and 108 Fermentation tubes of glucose broth inocu- 
lated with 0 05 c c and 0 0002 c c of the fluid produced 60 per cent and 40 per 
cent gas, respectively, and tubes of lactose broth inoculated with similar quan- 
tities produced 75 per cent and 60 per cent gas, respectively The Veillon tubes 
brought to development about 100,000 bacteria per c c of the fluid Two of 
the colonies were transplanted and preserved as Strains 109 and 110 The tubes 
inocula'ted with spore material gave no growth 

Fluid 32 was obtained from patient L A , female, aged 38, suffering’ from an 
asthenic gastritis with indefimte pains in the stomach The patient was con- 
vinced that she had a tapeworm but all examinations of the feces were nega- 
tive Gastric analysis December 3 showed total acidity 7, free hydrochloric 
acid 0, on December 5 total acidity 24, and free hydrochloric acid 16, on Decem- 
ber 7 total acidity 8, and free hydrochloric acid 0 Examination of the urine 
was negative 

The duodenal tube was introduced at 10 30, November 29, to the distance 
of 95 cm The patient fasted until 12 30 noon, November 30, when 2 cc of 
duodenal contents were aspirated 
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The sample consisted of approximately 2 c c of golden-yellow fluid, quite 
clear Microscopic examination A^as negative except for bacteria winch num- 
bered 6,800 per milligram of fluid, according to the direct microscopic count 
Plate cultures inoculated with 0 05 c c and 0 0002 c c of fluid remained sterile, 
as also did the fermentation tubes and Veillon tubes inoculated with similar 
amounts 

Fluid S3 was obtained from patient P M , male, aged 45, suffering from 
alcoholic gastritis and convalescing fiom deliiium tremdns No gastric or fecal 
analyses were made Examination of the urine was negative 

The duodenal tube was introduced at 10 30 p ni , December 1, to the dis- 
tance of 83 cm The patient fasted until 9 15 a m , December 2, when 3 c c 
of duodenal contents were aspirated 

The specimen consisted of approximately 3 c c of clear greenish-yellow fluid 
with a little mucus in the bottom of the tube Microscopic examination showed 
crystals of cholestenn, mucus and unidentified dCbris, besides the bacteria, which 
numbered 22,000 per milligram of the fluid Plate cultures on ascitic-fluid agar 
brought to development 1,800,000 and on litmus lactose agar 2,700,000 bacteria 
per cc of fluid Two subcultures taken fiom the ascitic fluid agar were pre- 
served as Strains 111 and 112, and three from the litmus lactose agar as 113 
114 and 115 One of the usual set of fermentation tubes, namely the glucose 
broth inoculated with 0 1 cc of the fluid, produced a small bubble of gas, the 
others remained free from gas The Veillon tubes developed numerous colonies 
vluch were not counted Two of them were tiansplanted and the strains desig- 
nated as lie and 117, Tubes inoculated with spore material gave no growth 

Fluid S-lf was obtained from patient B A , female, aged 30, suffering from 
myxedema and obesity Analysis of the gastric juice December 14 showed total 
acidity 6, and free hydrochloric acid 0 The patient had about 30 pounds of 
superfluous fat She complained of indefinite pains throughout the body Exami- 
nations of the urine and feces were negative * 

The duodenal tube was introduced at 7 a m , December 9, to a distance of 
116 cm The patient fasted until Ip m , when 2 c c of duodenal contents 
were aspirated This was used for bacteriological examination 

The specimen consisted of approximately 2 c c of a greenish-yellow fluid 
containing considerable mucus Microscopic examination showed cholestenn 
crystals and 7,400 bacterial cells per milligram of the fluid Plate cultures 
on ascitic-fluid agar brought to development 34,000 and on the litmus-lactose 
agar 21,000 bacteria per cc of the fluid Strains 118, 119 and 120 were taken 
from ascitic-fluid agar and 121 and 122 from the litmus lactose agar The 
usual set of fermentation tubes remained free from gas The Veillon tubes 
brought to development a considerable number of colonies which were not counted 
The examination of the spore material was omitted 

Fluid S5 was obtained from the same patient B A , as Specimen 34 
The duodenal tube was introduced at 7 a m , December 11, to a distance 
of 109 cm The patient fasted until 12 30 noon, when 10 c c of duodenal con- 
tents were aspiiated This was used for bacteriological study 

The specimen consisted of approximately 10 c c of a fairly clear golden-yellow 
fluid Microscopic examination showed considerable unidentified d6bris, and the 
count showed 2,800 bacterial cells per milligram of the fluid Plate cultures 
on ascitic-fluid agar brought to development 1,000,000 and on litmus lactose agar 
620,000 bacteria per cc of the fluid The usual set of fermentation tubes 
remained free from gas The Veillon tubes brought to development numerous 
colonies which were not counted The tubes inoculated with spore material 
remained sterile Strains 123, 124, 125, 126 and 127 were taken from colonies 
on the ascitic fluid agar and 128, 129 and 130 from the litmus lactose agar 
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Tho diagnosis was subsequently clinnged to nti opine gastritis in this ease j- Cheesy tMiich 
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Another sample of duodenal fluid was obtained from this patient December 13 
Chemical examination showed total acidity 5 (phei)olphthalein) , and the pres- 
ence of amylase, lipase and trypsin 

The more important observations made in the series of examinations 3 ust 
described are summarized in Tables 1 and 2, in which the cases are grouped 
according to diagnosis, and in Table 3 in which the cases are rearianged in 
groups according to the numbei of colonies per cubic centimeter of fluid coming 
to development in the cultures 


TABLE 2 — ^Data of the Quaktitative Bacteriological Examinations 


Fluid No 

4^ 

o S 

S 

-g m H 

C oi B 

Cultures Inoculated with the Unheated Fluid* 

Plate Cultuies 

Ascitic Glucose 

Agar Tall Tubes 
Colonies Pei c c 

Fei mentation Tubes 

Litmus Lactose 
Agar Colonies 
Per c c 

Ascitic-Fluid 
Agar Colonies 
Per c c 

Dextrose Broth 
Gas Per Cent 

Lactose Broth 
Gas Per Cent 

10 


0 

10 

0 

0 

0 

19 


0 

0 

0 

0 

0 

34 



34 000 


0 

0 

35 



1,000,000 


0 

0 

29 

114,000 


1,600,000 

1,000 

0 

0 

18 

125,000 


3,400,000 

t 

t 

30 

17 

67,000 

0 

30 

10 

0 

0 

13 

600 

4 

4 

0 

0 

0 

20 

775,000 

1,100,000 

1,600,000 

t 

10 

75 

16 

148,000 

0 

0 


0 

0 

23 

124,000 

150 

550 

200 

0 

0 

24 

496,000 

80 

130 

50 

0 

0 

26 

864,000 

150 

850 

350 

0 

0 

28 

30,000 

50 

120 

150 

6 

75 

30 

33,000 

2,400 

2,600 

10,000 

t 

t 

32 

6,800 

0 

0 

0 

0 

0 

31 

83,000 

41,000 

175,000 

100,000 

60 

68 

33 

22,000 

2,700,000 

1,800,000 

4 

! 

t 

0 

25 

78,000 

2,900,000 

13,600,000 

t 

0 

0 

27 

10,000 

340 

3,000 

t 

60 

25 

15 

6,800 

10 

70 

40 

0 

0 

12 

2,500 

160 

1,100 

1,200 

0 

0 

11 

244,000 

1,600 

930 

1,200 

0 

0 

14 

44,000 

9,200,000 

3,900,000 

A 

1 

75 

60 

22 


31,000,000 

85,000,000 

t 

50 


21 

I 

1,600,000 

1,000,000 

t 

30 



* Tubes of ascitic-fluid agar and fei mentation tubes of dextrose broth and 
lactose broth inoculated with spore mateiial (i e the duodenal fluid heated at 
80 C for ten minutes), remained free fiom growth in every instance 

T Very many t Slight 












TABLE 3 — ^The NuiiBER of Cultivable Micro organisms Per Cubic Centimeter of Fluid 




1 

B 



! 



Colonies 

Pei CC 

B g 

Dominant Types 

Gastric 

Acidity 

Diagnosis 

PM 


1-4 O 

pH 

S'S 


HCl 

Total 



Cases Showing 0 to 100 Colonies Per c c of the Fluid 




0 

Coccus 

28 

58 

Neuritis 

19 


0 


30 

54 

Neuritis 

13 

4 

0 

Coccus 

30 

60 

Cholecystitis 

16 


0 

Bacillus 

■a 

50 

Prolapsed colon 

17 


0 

Coccus 

20 

35 

Intestinal tuberculosis 

32 

0 

0 


0 

8 

Asthenic gastritis 

15 

10-70 

0 

Coccus 

20 

89 

Duodenal ulcer (healed ?) 

4 



Cases Showing 100 to 10,000 Colonies Per e c 

of the Fluid 

26 

850 

0 

Coccus 

5 

20 

Asthemc gastritis 

23 

550 

0 

Yeast 

13 

27 

Splanchnoptosis 

24 

130 

0 

Yeast, bacillus and coccus 

24 

56 

Splanchnoptosis 

28 

150 

+ 

Coccus 

0 

12 

Asthenic gastritis 

30 


+ 

Coccus 

4 

14 

Asthenic gastritis 

27 


+ 

Yeast 

90 

105 

Gastro-enterostoniy, ulcer ( ? ) 

11 


0 

Coccus and bacillus 

50 

75 

Gastric ulcer 

12 


0 

Coccus 

10 

37 

Duodenal ulcer 


Cases Showing 10,000 to 1,000,000 Colonies Per 

c c of the Fluid 

34 

34,000 

0 

Coccus 

0 

6 

Myxedema and obesity 

35 

1,000,000 

0 

Bacillus 

0 

66 

Same case as 34 

31 

" 175,000 

+ 

Bacillus 

13 

32 

Gastric neurosis 


Cases Showing More Than 1,000,000 Colonies Per c c of the Fluid 


18 

3,400,000 

+ 

Coccus and bacillus 



Influenzal pneumonia 

29 

1,600,000 

0 

Coccus 



Tuberculous pyelitis 

20 

1,600,000 

+ 

Coccus and bacillus 



Typhoid relapse 

33 

1,800,000 

+ 

Coccus 



Delirium tremens, convalescent 

14 

9,000,000 

+ 

Bacillus 

0 

8 

Gastric ulcer 

22 

85,000,000 

+ 

Bacillus 

0 

8 

Same case as 14 

21 

1,600,000 

+ 

Coccus and bacillus 

0 

10 

Gastric carcinoma * 

25 

13,600,000 

1 

0 

Coccus 



Cirrhosis of liver 


* The diagnosis of this case was subsequently changed to atrophic gastritis 


























WARD J MAO NEAL— ARTHUR F OH AGE 


193 


NUMBER OF MIOEO-ORGANISMS IN THE FLUIDS 

Dnect Mtcioscopic Count — The bacterial cells counted microscopi- 
cally in the fluids railed fiom 600 to 860,000 per cubic millimeter, or 
fiom 600,000 to 860,000,000 per c c Evidently the bulk of these were 
actually dead, at any rate, the number of microbes brought to develop- 
ment m the cultures was only a small fraction of the number counted 
These diiect counts indicate that man}^ bacterial cells gam entrance to 
the duodenum, doubtless after passing througli the stomach, but other- 
wise they seem to have little or no significance 

The Colony Count — The number of bacteiia developing mto colonies 
in cultures seems to beai a moie definite relation to the gastio-intestmal 
condition As will be seen in Table 3, those fluids showing less than 
100 colonies per c c , seven in numbei, were from cases showing, for the 
most pait, normal gastiic acidity The free hydrochloric acid m these 
seven cases was 28-30-30-15-20-0-20 with an average of 20 The total 
acidity was 58-54-60-50-35-8-89 with an average of 51 The last two 
cases wei e somewhat abnormal and the findings in the sixth case are at 
least unusual when compared with the rest of this senes Those fluids, 
from which between 100 and 10,000 colonies per e c were obtained, were 
derived from cases of gastro-intestmal disturbance There were eight 
of these The figures foi free hydrochloric acid were, in order, 5-13-24- 
0-4-90-50-10, and for total acidity 20-27-56-12-14-105-75-37 There were 
three eases diagnosed asthenic gastritis, two as splanchnoptosis, one as 
gastric ulcer, one as duodenal ulcer and in one the operation of gastro- 
enterostomy had been performed The three fluids, in which from 10,000 
to 1,000,000 colonies per c c were obtained, were from cases diagnosed 
as myxedema with obesity, and gastric neurosis, respectively In the 
former case the gastric juice showed fiee hvdiochloric acid 0 and total 
acidity 6, and in the latter case hydrochloric acid 13 and total acidity 32 
The fluids, from which a million or more colonies per c c developed, 
were from patients suffering from various diseases, most of them very ill 
These results, as far as they go, would appear to indicate that normal 
duodenal fluid is practically free from living bacteria when food is 
absent, and that the number of colonies developed in cultures of the 
duodenal fluid is roughly an mdex of the digestive derangement Where 
these are numerous the acidity of the gastric juice is often diminished, 
or there is other evidence of abnormality in the stomach or duodenum 

Bacterial Spores — The cultures inoculated with spore material (the 
duodenal fluid heated to 80 E for fifteen minutes) all failed to develop 

10 Three analyses of gastric juice from this patient gave the following results 
December 3, total acidity, 7, free HCl, 0, December 5 , total acidity, 24, free 
HCl, 16, December 7, total acidity, 8, free HCl, 0 The duodenal fluid was 
obtained November 30 
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colonies The result suggests that the passage of bacterial spoies through 
the stomach into the duodenum is not oidmarily a promment factor in 
the bacteriological relationships in the intestine 

Gas-Forming Mici ohes — The direct inoculation of fermentation tubes 
of glucose broth and lactose broth with the duodenal fluid, with sub- 
sequent incubation at 37 C , detected gas-producing organisms in ten of 
the twenty-six fluids These ten fluids were from nine different patients, 
suffeiing from influenzal pneumonia (1), tj^phoid fever (1), asthenic 
gastritis (3), gastiic neurosis (1), delirium tremens (1), recurrent ulcer 
after gastro-enterostomy (1), gastric ulcer (1) and atrophic gastritis 
(1) It would seem that gas pioduetion in these cultures takes place 
only when theie is considerable disturbance of digestion In some 
instances the gas was evidently produced by bacilli and in other instances 
by yeasts 

GENERAL NATURE OF THE MICRO-ORGANISMS ISOLATED 

During the progress of the woik, 130 colonies were transplanted and 
preserved for later study Of these, twenty-two strams were lost befoie 
being studied , two others, Strams 31 and 34, were discarded because they 
were deiived from fluids (No 16 and No 19) which gave rise to so few 
colonies that these were regarded as contaminations Four of the strains 
derived from Case 30, those designated asD30 (1),D30 (3),D30 (3) 
and D 30 (4), were identified as B typhosus by their morphology, cultuial 
characters and agglutination by a typhoid serum The remaining 106 
strains have been studied and grouped according to their morphology, 
reaction to the Giam stain, gas production in glucose broth and lique- 
faction of gelatin The groups thus established aie composed of various 
kinds of bacteria, but serve roughly to classify the oiganisms 

Gram-Positive, N on-Liquefymg Cocci — Fort 5 ''-thiee of the 106 strains 
belong to this group, and organisms of this type were isolated from sixteen 
of the twenty-six fluids exammed — ^fluids 13-13-15-17-18-30-31-33-34-35- 
36-38-39-31-33 and 34 The fluids from which organisms of this group 
were not isolated were ten in number, namely, 10-11-14-16-19-33-37-30- 
33-35 Four of these, 10-16-19 and 33, were approximate!}’’ sterile fluids, 
and in the case of Fluid 11, only one subculture survived for study 
Thiee of the remaining five fiuids contained more than 500,000 cultivable 
micro-organisms per cubic centimeter, and the cocci of this group may 
have been easily missed though present In the other two instances there 
were about 3,000 colonies developed per cubic centimeter of fiuid The 
strains transplanted, four in one mstance and five in the other, did not 
include an organism of this group 

The fluids from which Gram-positive and non-liquefymg cocci weie 
isolated included two which were nearly sterile, namely, 13 and 17, and 
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this was the only type of microbe found in No 13 In those cases in 
which the colonies numbered between 40 and 1,000 per cubic centimeter, 
organisms of this type constituted the bulk of the living flora Here 
weie included one case of healed duodenal ulcer. No 15, two cases of 
splanchnoptosis. Nos 23 and 24, two cases of asthenic gastritis. Nos 26 
and 28, and one case of renal tuberculosis In one fluid, which produced 
about 20,000 colonies per c c , No 34, these cocci were dominant, as was 
also the case in one fluid showing 2,000,000 colonies per c c , a conval- 
escent case of delirium ti emeus, and in anothei showing 3,000,000 
colonies per c c , a case of advanced cirihosis of the liver In other 
instances in which abundant colonies developed, the dominant organism 
was something else, even though these cocci were found These instances 
included one case of influenzal pneumonia, one of typhoid fever, one of 
gastric neurosis and one of asthenic gastritis In the cases of ulcer these 
cocci were also foiced into the back-ground by the dominance of other 
types It would seem that bacteria of this group appear in the duodenal 
fluid in slight distuibances and are also present in more grave conditions, 
although they may be obscuied by excess of other miciobic types 

Glam-Negative Gas-F aiming Bacilli, which Liquefy Gelatin — Nine- 
teen of the 106 strains belong in this gioup They were isolated from 
only flve of the twenty-six fluids examined, and two of these were derived 
from one individual A single stiam of this type was isolated from the 
case of influenzal pneumonia. No 18, in which the fluid produced 100,000 
colonies per c c In the case of tj^ihoid relapse. No 20, two of the 
twelve strains isolated belonged to this gioup One case. No 21, diag- 
nosed at the time as gastiic caicmoma, seemed to have more living 
bacteria of this type than an}'’ other Three of the five strains isolated 
from this fluid belong here In this instance, 1,500,000 bacteria per c c 
of the fluid developed into colonies The fourth case was diagnosed as 
gastric ulcer and the diagnosis confirmed at operation Two fluids. No 
14 and No 22, were obtained fiom this case November 11 and November 
16 In the former 4,000,000 and in the latter 30,000,000 bacteria per 
c c developed into colonies, and these Gram-negative liquefying bacilli 
were the only kind lepresented in the thirteen subcultures It would 
appear, therefore, that the bacteiia of this type occur only in severe or 
veiy severe gastro-duodenal disturbance The group may, perhaps, 
represent a single species It is of unusual interest because of the 
fermentative properties, somewhat unusual for intestinal bacteria, and 
because of its abundance in some of the more severely ill patients 

Liquefying Giam-Positwe Cocci — Thirteen of the 106 strains belong 
in this group Some of them weie staphylococci and some appeared to 
be sarcines They were found in eight of the twenty-four individuals 
In only one case were they very numerous, and this was the case of 
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influenzal pneumonia, No 18, in which the fluid produced 100,000 
colonies per c c , and three of the six strams isolated were found to be 
liquefying staphylococci The remaining strams of this group were 
isolated from Muid 10, which was almost sterile , No 15, which produced 
forty colonies per c c , No 12 and No 30, which produced 1,100 and 
2,500, and Fluids 25-31-34: and 35, which produced millions of colonies 
per c c These bacteria would appear, therefore, to be present in a very 
wide range of conditions, though probably not so commonly present as 
the cocci of the first group 

2 easts — Twelve of the 106 strams were cultures of yeast, and these 
were derived from five of the twenty-four patients examined Fluids 20, 
24: and 35 each furnished one stram of yeast Two cases. No 23 and 
No 27, furnished all the rest Fluid 23 was taken from a case diagnosed 
splanchnoptosis, and it produced 300 colonies per c c of fluid Five of 
the nme strams isolated proved to be yeasts Case 27 was one m which 
a gastro-enterostomy had been performed for the cure of ulcer The 
fluid produced 4,000 colonies per c c , and all foui of the strams isolated 
proved to be yeasts 

Pleomorphic Bactena — Six of the 106 shams were made up of 
branched threads and spherical elements These were at first regarded 
as mixed cultures, but platmg failed to separate them, and it seems 
probable that the various forms present may belong to the same species 
These forms occurred m only two specimens. No 30 and No 31 They 
constituted the dominant type m No 30, m which 2,500 colonies 
developed per c c of fluid This was a case of asthenic gastritis In No 
31 only two of the eight strams isolated belong m this group This case 
■was diagnosed as gastric neurosis and 100,000 bacteria per c c of fluid 
developed m the cultures 

Gram-Positive Sti epto-Bacilli — Five of the 106 strams were made 
up of very regular bacilli joined together in long threads Four of these 
failed to liquefy gelatin Of these, two were isolated from Fluid 23 and 
two from Fluid 24, both diagnosed as splanchnoptosis, the number of 
colonies produced numbermg 300 and 100 per c c , respectively The 
fifth stram m this group resembled the others m form and staining 
properties, but it caused liquefaction of gelatin This was isolated fiom 
Fluid 31, from the ease diagnosed as gastric neurosis 

Ii regular Bacilli — ^Bacilli irregular m shape and also m their reac- 
tion to the Gram stain are represented by four of the 106 culture strams 
One of these was derived fiom Fluid 11, diagnosis of the case bemg 
gastric ulcer, and three were from Fluid 35, furnished by an mdividual 
s uff er mg from myxedema and obesity 

Gram-Negative Gas-Forming Bacilli, which do not Liquefy Gelatin 
— Only three of the 106 strains belong here One was isolated from 
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Fluid 18, the case of influenzal pneumonia, and the other two from hTo 
31, a case of gastric neurosis In each instance the cultures showed 
about 100,000 colonies per c c of fluid, and the colonies of this particular 
t^^pe were in the minority This is, perhaps, one of the surprising 
features of this study, as it might have been expected that organisms of 
the B coll group would be somewhat prominent members of the duodenal 
floia, in some conditions at least 

Giam-Negative Bacillus Pioducing Yellow Pigment — One strain, 
isolated from Fluid 34 (case of myxedema and obesity), was a Gram- 
negative bacillus, morphologically like B coli, which does not liquefy 
gelatin nor produce gas from dextrose, but does form a yellow pigment 

SDMjVIART 

1 It IS possible, with proper care, to obtam a sample of the intestinal 
juice through the Emhorn duodenal tube sufficiently free from contam- 
mation for bacteriological study. 

2 The normal duodenal fluid during a fast is almost free from living 
micro-oiganisms, although numerous bacterial cells are always visible on 
microscopic examination The few livmg microbes obtained in cultures 
from such fluids are generally Gram-positive cocci 

3 In various gastro-intestmal disturbances, the number of cultivable 
microbes in the duodenal fluid is markedly mcreased These organisms 
are of several different varieties, bacilli, cocci, yeasts and branching 
thread forms being represented in different cases 

4 In the one case of typhoid fever examined, B typhosus was 
isolated from the duodenal fluid. 

5 The bacteriological study of intestinal juice obtamed m this way 
would seem worth while m cases of achylia gastrica with diarrhea and 
in cholecystitis It also seems to us to be a promising field for mvesti- 
gation m those obscure diseases, the causation of which is sometimes 
ascribed to abnormal intestinal digestion 

6 It may also, peihaps, prove to be a procedure of value in the early 
diagnosis of typhoid fever, and in the detection of typhoid carries We 
think it should be given a trial in this disease, as suggested by the 
previous work of Hess 

Acknowledgments are due to Miss Laura M Stryker for assistance in the 
laborious microscopic and cultural examinations, to Dr B Lattin and Dr W 
Gr Lough for personal attention to details in collecting the specimens from the 
patients, and to Prof V C Myers for the data concerning the chemical exami- 
nation of the duodenal fluids 

We also desire to express our obligation and thanks to Dr Edward Quintard, 
Director of the Department of Medicine, for permission to use the clinical 
material 

Twentieth Street and Second Avenue 



THE EREQHEHCY OF LOW POLYMOEPHOHHCLEAR 
LEUKOCYTE WITH HIGH LYMPHOCYTIC 
DIFFERENTIAL COUNTS ’ 

HENRY G MEHRTENS, BS, MD 

SAN TRAKCISCO 

In the course of routine blood examinations made in Lane Hospital, 
San Francisco, it had been frequentl}^ noted that the polymorphonuclear 
leukocytes rrere beloTV 60 per cent in apparently normal individuals, and 
also that the lympliocytes ran over 40 per cent in a sufficient number of 
apparently normal peisons to make a difCeiential count of somewhat 
doubtful value in the diagnosis of exophthalmic goitei, etc In older to 
determine, if possible, the cause of these vaiiations from the commonly 
accepted standard, the blood of one hundred normal individuals was 
examined 

These were selected with a view to including outdoor as well as 
indoor workers, females as well as males, and ages between 21 and 50 , 
m short, to approximate as nearly as possible, the aveiage individual 
appearing m the clinics or hospital Among those examined were phy- 
sicians, students and nurses at Lane Hospital, soldieis at the Presidio 
and such miscellaneous people as could be procured from time to time 
All were in their usual state of health, care being taken to exclude those 
having recent illness No other examination was made 

Various methods of spreading the blood were used Ehrlich's method 
with coverslips. Da Costa’s method with slides and Craig's methods with 
cigarette papers were tried and gave practically the same results Two 
slides were made from each individual, two hundred cells being counted 
from each slide with an additional hundred in doubtful cases Wright's 
stain was used A total leukocyte count unfortunately could be made in 
only twenty of the hundred cases 

Average leucocytic count (20 cases) was 7,000 


Average differential count (100 cases) Percent 

Polymorplionuclear Neutrophils 56 55 

Lvmphocytes 37 45 

Large Mononuclears and Transitionals 4 51 

Eosinophils 97 

Basophils 52 

Polymorphonuclears in classes 

(35) Soldiers 58 28 

(22) Nurses 49 42 

(18) Doctors and students 57 88 

(25) Miscellaneous 58 96 


* Submitted for publication May 31, 1913 

* From the Clinical Laboratory of Lane Hospital, Stanford University Medical 
Department 
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Looking at these figures from anothei standpoint 
The polymoiphonuclears in 93 of the total number were under 70 per cent 

The polymorphonuclears in 86 of the total number weie under 65 per cent 

The polymorphonucleais in 59 of the total number were under 60 pei cent 

The polymoiphonuclears in 37 of the total number were under 55 pei cent 

The polymoiphonuclears in 22 of the total number were under 50 pei cent 

The polymoiphonucleais in 10 of the total numbei weie under 45 pei cent 

These results are markedly lower than those given in the text-hooks 


w .O 

O o 




C 

O 

<75 <D 

C pj 


£ c 
o ^ 

tf) <D 
0-1 


w 

o 

«rr( C 

CO ^ 


cr 

o 

WH H 

S O' 

o 

¥ 

tD 

li (D 


U2 

o c 

PM CJ 

■tio 

cn 


1 


Ehilich and Lazarus (in 
Nothnagel) 

Naegeli (1912) 
Pappenheim (1911) 

V. 

ICrehl (1907) 

Cabot (in Osier) 

Sahh (1911) 

Howell (1912) 

Da Costa 


70-72 2-4 5 

65-70 2-4 5 

73 75 

70 1-4 

60-70 5-4 1- 5 

70-72 2-4 5 

60-75 2 5 

60-75 5-5 5 


22-25 1 2-4 

r \ 

25 

20-22 2-8 

' , ' 

28 

20-40 of which 1-10 

22-25 2-4 

20-25 1 2-10 

20-30 4 8 


On looking into the liteiatiire, among others who lecord low poly- 
nuclear counts, I find that Bunting^ (1911) m Wisconsin got a neu- 
trophil average of 54 6 per cent , laige and small lymphocytes 35 per 
cent , transitionals 7 4 per cent He believes that geographical location 
and altitude have some beaiing on his results 

Guerrero and Sevilla," as well as Chambeilain,® all work in the Phil- 
ippines Gueirero and Sevilla found polynuclears, 51 per cent , large 
and small 38 5 pei cent , Chambeilam, polynuclear aveiage 54 per cent 
Both believed that the tropical climate had an influence on the result 
Watkins,^ in Arizona, says, in summing up the results of his counts 

There is present in many individuals a considerable increase in the percentage 
of lymphocytes so that instead of being 30 per cent they approximate 40, 45 
or 50 per cent, or more These increases aie noted where the atmosphere is 
rarified by absence of moistme and by high temperatuie 

Hoxie,® in Missouri, gives low polymorphonuclear counts ranging 
from 67 to 49 per cent , which he attributes to auto-intoxication due to 
colonic stasis 


1 Bunting Am Joui Med Sc , 1911, cxlii, 698 

2 Gueirero and Sevilla Phillipine Jour Sc, Series B, 1909, p 277 

3 Chamberlain Phillipine Jour Sc , 1911, vi, 441, Senes B 

4 Watkins, W Jour Am Med Assn, 1911,~lvii, 2129 

5 Hoxie Jour Am Med Assn , 1912, Iviii, 1493 
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Watkins (in same paper) gives counts on cured tuberculous patients 
with lymphocytes ranging from 40 to 70 per cent Looked at from these 
standpoints, our results may have been influenced by 

(a) Climate and geographical location 

(b) Previous tuberculous infections (I have no data on this 

matter) . 

(c) Auto-mtoxication (extremely likely in a number of cases) 

(d) The number of individuals examined is hardly large enough 

to eliminate chance 

To get a general idea of the range of the differential counts as they 
ordinarily present themselves in adults, the results of 500 counts were 
analyzed These were taken fiom the medical, neurological, gynecological 
and surgical clinics and corresponding services at Lane Hospital — active 
tuberculous cases not being treated at either The counts were made by 
Dr Mylott of the Clmieal Laboratory and by the intern staff (eight) of 
Lane Hospital, necessarily giving a more average technic 

Only those differential counts were included whose total leukocyte 
count was 10,000 or below 

The polymorphonuclears in 87 per cent of the 500 were under 70 per cent 

The polymorphonuclears in 69 per cent of the 600 were under 65 per cent 

The polymorphonuclears in 46 per cent of the 500 were under 60 per cent 

The polymorphonuclears in 30 per cent of the 500 were under 55 per cent 

The polymorphonuclears in 15 per cent of the 500 were under 50 per cent 

The polymorphonuclears in 2 per cent of the 500 were under 45 per cent 

These counts correspond faiily well with the results observed in 
supposedly normal people , considerably lower than the accepted normal 
In fact, 75 per cent ‘^polymorphs” was so seldom reached that we were 
taught almost invariably to expect a numerical count greater than 10,000 
when that number was obtained 

CONCLUSIONS 

Our results and those reported in the literature would seem to 
indicate that low polymoiphonuclear differential counts are veiy fre- 
quently observed in clinical work Wliether due to climate, geographical 
location, previous disease, condition of metabolism, or combination of 
these factors is not clear At any rate, it becomes of importance for the 
clinician to remember the existence of tins condition when he is tempted 
to give undue significance to a high lymphocytic count 

I am indebted to Dr T Addis for helpful suggestions, and to Capt Hopwood, 
U S Medical Corps, for his courtesy in obtaining smears 



A CASE OF ACROMEGALY AND POLYGLANDULAR SYN- 
DROME, WITH SPECIAL REFERENCE TO 
THE PINEAL GLAND ■■ 

FRANK K BARTLETT, MD 

CHICAGO 

The teim polyglandular syndrome is used by most writers to expiess 
the disturbed function of two or more glands of internal secretion 
Cushing^ has confined the teim to eases in which it is impossible to tell 
which of the stiuctuies is primarily at fault The combinations of the 
different glands is vaiiable, as is the degree to which each is changed 
Fiom experimental data it is seen that the absence of the function of a 
normal gland (as for example, extirpation of that gland) leads to a 
definite symptom-complex in which some of the other glands participate 
For instance, in the preadolescent eunuch, the impotency and the 
undeveloped secondary sexual characteristics are due to the immediate 
effects of the castration, while the growth of the long bones is thought to 
be due to a secondary hyperplasia of the anterioi lobe of the hypophysis 
Fischera- and others, have definitely shown that a secondary hyperplasia 
of the glandular part of the h 3 ’’pophysis, follows castration In addition 
to the hypophyseal changes, Calzolarie, m 1898, and Henderson,® in 1904, 
respectively, have shown that in castrated rabbits and cattle the thymus 
may undergo hypertrophy and its involution be delayed 

The disturbance of function of one of the internal secreting glands 
also leads to a polyglandulai ln^olvement, as foi example in exoph- 
thalmic goiter. In 135 cases of Graves’ disease collected from the litera- 
ture by Matti,^ 74 per cent weie associated with a persistent thymus, 
while out of sixty cases reviewed by Capelle,® the thymus was enlarged in 
79 per cent of the cases Since the s 3 rmptom-complex of exophthalmic 
goiter has not been leproduced in animals, it is thought to be due to a 
perverted secietion of the thyroid gland Just what the biologic dis- 
tuibance is that undeilies this abnoimal secretion, has not been 
discovered 


* Submitted for publication June 4, 1913 
From the Department of Pathology, University of Chicago 

1 Cushing, H “The Pituitary Body and Its Disorders,” 1912, p 213 

2 Fischera, G “Ipofisi e Castrazione,” Policlinico, Rome, 1910, xvii, 333 

3 Quoted by C A Parker Surgery of the Thymus Gland, Am Jour Dis 
Child , 1913, V, 89 

4 Matti, quoted by A Crotti Thymus Tiacheostenosis and Thymus Death, 
Jour Am Med Assn , 1913, lx 571 

5 Capelle Die Beziehungen der Thymus zum morbus Basedowii, Beitr z 
klin Chir , 1908, hiii, 353 
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There are many other well known polyglandular syndromes, depend- 
ing on either the ablation, the hyposecretion, the hypersecretion or the 
perverted secretion of certain glands Prominent among these is acro- 
megaly, supposedly due to a hyperplasia of the chromophil cells of the 
anteiior lobe of the hypophysis Acromegaly, or adult gigantism,® has 
never been reproduced in animals It is accompanied by a polyglandular 
syndrome, involving one or more of the glands of internal secretion 
besides the hypophysis, which is always involved 

When in 1888. Marie^ first pointed out the connection between 
hypophyseal strumas and acromegaly, he thought that a hyposecretion of 
the hypophysis was the probable cause, since then he has come to the 
conclusion that acromegaly is a perverted secretion of the anterior lobe 
Others, namely, Silvestrmi m 1894, Arnold m 1894, Petren in 1907, and 
War da in 1901, have maintained that acromegaly and hypophyseal 
lesions are associated only accidentally, because they and others have 
performed autopsies on mdividuals dying from acromegaly in whom no 
pituitary lesion was found These cases, however, must be accepted with 
reservation, for it is known that accessory nodules of hypophyseal tissue 
simulating anterior lobe tissue, may be found within the body of the 
sphenoid bone,® in the roof of the pharynx, and anywhere along the fetal 
craniopharjngeal duct Lewis® reported a case of incipient acromegaly, 
in which the h 3 'pophysis was of normal size, yet presented histologically a 
proliferation of the chromophil cells of the anterior lobe 

Another theory of aciomegaly points to an underlying biologic dis- 
turbance as the cause, this theory considers that the enlargement of the 
hypophysis is only one feature of a polyglandular syndrome, and that 
it IS the result instead of the cause of acromegaly Although no one 
disputes that some unknown disturbance underlies the gradual hyper- 
trophy of the anterior lobe m acromegaly, clinical and anatomical evi- 
dence support the fact that bone changes follow instead of precede the 
hypophyseal hyperplasia 

Mussalango (1893), Tamburm (1894), Benda (1901), Modena 
(1903) and Bischer (1910), consider acromegaly the result of an hyper- 
plasia or adenomatous condition of the anterior lobe of the hypophysis 
An adenomatous struma is the type of tumoi usually found in acro- 
megalic individuals who come to autopsy 

6 Cushing, H Quoting (a) Brissaud, E, and Meig, H Eev scientif , 1895, 
111 , 330, and (h) Lannois, P E, and Eoy, P Etude biologique sur less geants, 
Pans, 1904 See note 1 

7 Mane, P L’ Acromegalic, Notiv Icon de la Salp6tii&re, 1888, i, 173 

8 Erdheim, J Uhereinen popliysentumoi von ungewolinlichen Sitz , 
Beitr z path Anat , 1909, xlvi, 233 

9 Lewis, D Hyperplasia of the Chromophil Cells of the Anterior Lohe of the 
Hypophysis as the Cause of Acromegaly, Bull Johns Hop Hosp,'1905, xvi, 
No 170 
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From birth on, the chiomophil cells of the anterioi lobe of the hyp- 
ophysis increase, at 40 they are equal in number to the chromophobe 
cells of the same lobp; from 40 on the chromophil cells dimmish in 
number so that in old age the chromophobes are again in preponderance 
as they are at birth (Lewis) During puberty, pregnancy and the climac- 
teric, physiological hyperplasia of the chromophil cells is apparent 
During the couise of an acute disease, young patients often grow quite 
noticeably, a fact perhaps attributable to hyperplasia of the anterior lobe 
Further, after castration, thyroidectomy and after pancreotomy, the 
anterior lobe is said to undergo enlargement Benda,^“ in 1900, and 
Lewis,® in 1906, weie the first to emphasize the fact that in the early 
stages of aeromegaly, there is an hyperplasia of the chromophil cells of 
the anterior lobe, which apparently is the cause of the bone changes 
Cushing, Fischer and others have adopted this view Most investigators 
consider the chromophil cell as the most active cell in the gland From 
clinical, anatomical and experimental findings, one is 3 ustified in assum- 
ing that these cells govern bone growth to a large extent Massalongo 
and others have shown that if hypersecretion of the anterior lobe occurs 
in the eaily part of life before ossification of the long bones is completed, 
gigantism results, if, after ossification of the epiphyses, hyperplasia of 
the chromophil cells occurs, acromegaly results In other words, acro- 
megaly IS adult gigantism 

It must be remembered that the chiomophil cells composing hypo- 
physial stiumas, which are the cause of acromegaly, undergo degenerative 
processes early, m so far as the acidophil gianules of these cells disappear 
entirely or in part Small regions of necrosis occur, and cyst-like forma- 
tions appear It is probable that the so-called chromophobe strumas 
described in cases of acromegaly, as in most of Cushing’s cases, are 
chromophil cell tumors from which the acidophil granules have dis- 
appeared through degenerative processes 

Assuming that inci eased secretion of the anterior lobe of the hypoph- 
ysis is the cause of acromegaly and gigantism, one might suppose that 
feeding and injection expeiiments would produce overgrowth in puppies, 
while in old dogs some acial change would result Neither of these 
results has been obtained CaseJh,^^ Cushing,^^ Aldrich,^® Miller^^ and 

10 Benda, C Beitrage zur normalen nnd pathologischen Histologie der 
menschlichen Hypophysis cerebri , Beil klin Wchnschr , 1900, 37, 1205 

11 Caselli, A , Influence de la function de I’liypopliysis sur le developpment 
de I’organism, Riv sper di frenatna, 1900, xxxvii, 176 

12 Cushing, H The Pituitaiy Body and Its Disoiders, 1912, p 11 

13 Aldrich, F B The Feeding of Young White Rats with Dessicated Anterior 
and Posterior Lobes if the Hypophysis Separately, Am Jour Physiol, 1912, 
XXXI, 94 

14 Miller, J L Quoted by Aldrich See note 13 
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others, find that injection and feeding experiments not only do not 
increase the stature of animals, hut retard their growth and stunt them , 
Caselli and Cushing woiked with dogs, wliile Aldrich and Miller worked 
with white rats Parisot^“ also found no noticeable changes with 
repeated injections of anterior lobe extiacts into adult dogs, nor in 
puppies injected with small doses With large injections in young 
animals, diminution in weight and size resulted These findings suggest 
that the secretion of the chromophil cells of the anteiioi lobe is altered 
or perverted in acromegaly and gigantism, but by no means prove it, 
since injection and feeding of the gland or its extracts is crude and 
unreliable in compaiison to the well-balanced mechanism of internal 
secretion 

Ilyposecretion of the anterior lobe of the hypophysis is accompanied 
by bone changes exactly opposite to those of hypersecretion It is gen- 
erally known that young women suffering from exophthalmic goiter have 
delicate features and a small bony frame, as compared to the coaise 
features and large bones of the acromegalic or giant Lewis and Benda 
both found a decrease in the eosinophilic tj^ie of chromophil cells of the 
anterior lobe of the hypophysis in patients dying from exophthalmic 
goiter 

The fact that heteroplastic tumors of the anterior lobe of the hypoph- 
ysis occur vnthout acromegaly or gigantism, is in accord with the findings 
of Benda, Lewis, Cushing, Pischer and others, relating to hyperplasia of 
the chromophil cells Parisot^® collected from the literature reports of 
seven cases of tuberculosis and of eight cases of gumma of the hypophysis, 
none of which had symptoms of acromegaly oi gigantism Many cases 
of sarcoma and of adenosaicoma accompanied by acromegaly have been 
reported in the literature, but in view of our present knowledge con- 
cerning the similarity of chromophil and of chromophobe strumas to 
sarcomas, reconsideration of the actual classification of these tumors must 
be made Chromophil strumas and chromophobe strumas differ from 
sarcoma elsewhere, first, in so far as their course is longer, the average 
being three years, second, because they do not produce metastasis nor 
infiltrate the surrounding tissue, and third, as Mitchell and Le Count^“ 
have pointed out, the process of cell division is far less fiequent than in 
sarcomas In the case reported here, mitotic figures are extremely 
infrequent 

The following case of polyglandular syndrome was in a patient in the 
service of Dr C H Lovewell of this city, through whose kindness and 

15 Parisot, J Le role de la hypophysis dans la pathogenic de I’acromegalie 
Eev Neuroligique, 1910, xix:, 277 

16 Mitchell and LeCount, E R Report of a Necropsy in a Case of Acrome- 
galy with a Critical Review of the Recorded Pathological Anatomv, New York 
Med Jour , 1899, Ixix, 517 
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efforts an autopsy was permitted. The autopsy was performed by Dr 
H. Gideon Wells and myself, on N’ov. 20, 1912, about eight hours after 
the death of the patient. 

CASE EEPOET 

Ghmcal History — The patient died Nov 19, 1912, at the age of 25 The 
parents state that he had moments of moodiness and forgetfulness when a hoy 
About one year before his death he noticed that his hands were getting larger, 
at this time he had occasional slight headaches Two years prior to this, dur- 
ing his married life, he had been extremely passionate About six months before 
his death he began to lose sexual desire, and two months later or four months 
before his death he became impotent Mental symptoms of moodiness, forgetful- 
ness and irritableness were becoming evident to his wife and also to the man 
for whom he worked as a driver At about this time polyuria was marked, 
diaphoresis was so intense that during the night he would soak all of the bed 
clothes One month before death headaches were frequent and very severe, his 
eyesight was becoming foggy, especially that of the left eye November 13 he 
had a frightful headache and had to quit work He was conscious until noon 
of November 18 , he died at 4 a m , November 19 It is thought by his wife 
that he became a little heavier during the few months prior to his death 

Autopsy Report — ^The body is that of a man 6 feet and 3 inches long, well 
muscled and large boned The weight is approximately 160 pounds, there is no 
abnormal amount of panmculus The texture of the skin is normal The face 
IS large considered in its entirety, but the cheek bones, superciliary ridges, 
nose, and jaw, although of good size, are not unduly prominent Nothing abnor- 
mal can be seen or felt about the head except that the right pupil is larger than 
the left one The chest is a little flattened The fingers and thumbs are notice- 
ably enlarged, with the thickening which seems to be fibrous, more transverse 
than anteno-postenor The left forefinger measures 75 mm about the middle 
joint which IS 10 mm more than normal The second joint of the second finger 
of the same hand measures 74 mm , which again is about 7 mm more than 
normal The corresponding joint of the middle finger of the right hand is 71 mm 
in circumference Both hands are perceptibly broadened Each hand around 
the knuckles measures 211 mm There is no apparent enlargement of the feet 
The toes are in extreme extension The superficial lymph-nodes are all slightly 
enlarged The costochondral junctions are not swollen 

The abdominal cavity is free from fluid There are a few fibrous adhesions 
about the gall-bladder and the spleen The fat in the omentum, as elsewhere, 
IS scanty The liver extends three fingei breadths below the costal margin on 
the right side The retroperitoneal lymph-nodes and those in the mesentery are 
markedly enlarged, the largest mesenteric lymph-node measures 20x15x6 mm 
Those lymph-nodes about the pancreas are even larger The pleural and peri- 
cardial cavities are normal The lymph-nodes in the mediastinal and in the 
cervical regions are enlarged and quite firm, on sectioning, their surfaces are 
reddish-gray in color Nothing of importance is found in the trachea, lungs, 
esophagus or stomach. The intestines are full of fluid, the solitary follicles 
and Peyer’s patches are enlarged 

The thyroid gland is about twice its normal size, weighing 65 grams, and 
contains a large amount of colloid evenly distributed throughout An acces- 
sory lobule, 12 X 15 X 1(? mm is found behind and attached closely to the right 
lobe 

The thymus is persistent, well defined from the surrounding tissue and con- 
sists of two lobes, the right one of which extends in a finger-like projection up 
to the region of the thyroid Its weight is 22 grams and its total length is 85 mm 
Its color IS pinkish, while its consistence and cut surface appearance is that of 
a thymus of a normal infant Three small accessory thymi are found distributed 
among the cervical lymph-nodes, the highest point reached by any of them being 
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the lower pole of the thyroid, the largest of these accessory glands is 15 mm 
in diameter, while that of the smallest is 5 mm 

The heart and its valves are normal in size and in appearance The left 
ventricle is in flim systole The aorta is elastic and its intima is smooth 

The liver weighs 2,100 grams, it is daiker and softer than normal, and its 
cut surface bulges slightly from beneath the capsule 

The spleen is enlarged, weighing appiovimately 360 grams It is a trifle 
soft The cut surface is not abnormal in appearance except that the Malpighian 
bodies are inconspicuous 

The adrenals are of normal size and appearance The left one weighs 5 6 
grams Both kidneys are considerably larger than normal The left one weighs 
161 grams Their consistence is rather soft, the blood vessels are dilated The 
cut surface is swollen, the cortex is mottled while the pyramids are pale 

The prostate, urinary bladder and ureteis are noimal Unfortunately the 
testicles were not obtained The external genitalia are well developed 

On opening the skull the calvarium is found to be very soft and thin In 
places it IS not over 1 6 mm in thickness The sutures of the skull are still 
distinct There is a very little cerebrospinal fluid The cerebral convolutions 
are broad and flat while the sulci are shallow and narrow The brain is quite 
soft and dry, the lateral ventricles contain less fluid than normal The sella 
turcica IS enlarged so that it is 2 cm deep and 2 5 cm wide It is tensely filled 
by the hypophyseal tumor, which has extended upward and backward into the 
third ventricle, distorting and partly destroying the infundibulum Upward 
and forward it comes in contact with the posterior surface of the optic chiasma, 
which it has flattened out consideiably A fairly large flat tumor mass of 
rusty brown color and of a coarsely granular, spongy natuie, extends anteriorly 
on the body of sphenoid bone, just posterior to the cribriform plate, which is 
intact The bony wall of the sella turcica is thinned out from pressure of the 
tumor, but it is not invaded or broken through by the tumor mass 

Very conspicuous is the pineal gland which protrudes 5 mm beyond the 
posterior edge of the corpus callosum It is found to be 13 x 5 x 6 mm in its 
various diameters, the antero posterior diameter being the largest , its weight 
IS 940 mg 

Microscopical Examination — ^The alveoli of the thyroid gland are full of 
colloid, with an abundant number of desquamated parenchymatous cells 

The thymus gland resembles in all respects that of an infant, the capsule 
IS thin and the lymphoid tissue more abundant at the periphery of the lobules 
than at the centers where the large lymphoid cells predominate Hassall’s 
corpuscles are numerous and large, their centers are often cyst like and full of 
fatty cellular d6bris The arterial walls are not thickened as in a thymus of 
a normal individual of this age, nor is there any fatty infiltration or perilobular 
fibrosis indicative of involution The two accessory thymus nodules are of a 
similar structure 

All the lymph-nodes examined, including the mesenteric, the peribronchial 
and the cervical, represent a stage of active proliferation of the endothelial cells 
in the germinal centers as well as in the stroma These endothelial cells are so 
numerous that the glands take a general pink stain with eosin 

The chromaffin cells of the adrenal have increased in size and in number, 
extending in some places through the cortical cell layer almost to the capsule 
In the spleen a condition of endothelial cell hyperplasia, similar to the con- 
dition in the lymph-nodes, is found 

Both the liver and the kidney present a slight connective tissue hyper- 
plasia, and to some extent a swellmg and granular condition of the parenchyma 
The heart muscle is of normal appearance 

The parathyroid glands are slightly larger than normal The nuclei here, 
as m the adrenal medulla, take a deep stain with hematoxylin, indicating an 
abundance of chromatin material A great many of the parenchymatous cells 



FRA-NK K BARTLETT 


207 


here are vacuolated, while the cytoplasm of other remaimng cells is solid, homo- 
geneous, and deep pink staining with eosin Colloid material is very scant 

The pineal gland is oval, being 13 mm long and 6 mm in depth About the 
entire periphery of a sagittal section through the center of the gland there is a 
border of deeper staining tissue which is composed of cells with a diffuse, poorly 
outlined, and light pink staining cytoplasm, with large oval or pear-shaped 
vesicular nuclei, these nuclei average 13 microns in diameter but often reach 
20 microns The nucleolus is not prominent, at least not defimtely distinguish- 
able from small round masses of chromatin Connective tissue trabeculae traverse 
this cellular border, extending from the thin capsule radially towards the cen- 
ter of the gland, dividing the cellular periphery into numerous compartments 
Capillaries are fairly numerous and course mainly in the connective tissue 
trabeculae The arrangement of the cellular border is, on the whole, in irregular 
cords and masses, and in ill defined alveolar structure, simulating tubules with 
an indefinite lumen of small caliber. At the tail end of the body, the paren- 
chymatous layer is 3 mm thick, the connective tissue trabeculae in this region 
are occasionally 30 microns thick and are quite vascular No pigment (melamn) 
or any granules of a secretory nature can be seen Psammomata are lodged in 
small groups, especially at the inner edge of the cellular border, they are not 
numerous The evaginated pineal recess penetrates one-third the length of the 
gland, it IS duct-like and is lined with low cuboidal epithelium Intermixed with 
the parenchymatous cells of the border, are the small round and deep staining 
glial cell nuclei 

The carotid gland is of normal size and consists of small masses of chromafian 
cells surrounded by thick connective tissue whorls 

The hypophyseal tumor is composed of masses of oval or round cells, with 
a fairly well defined cytoplasmic border The nuclei are either oval or round 
and are deeply stained with hematoxylin, they average 7 microns in diameter 
There is no set arrangement of these tumor cells although they assume an indefi- 
nite alveolar structure in places Mitotic figures are extremely infrequent In 
many instances two nuclei are found in one cell With Van Gieson’s stain 
there are seen delicate strands of connective tissue here and there in which 
run capillaries, compared to the normal hypophysis, the blood-supply and con- 
nective tissue are very scant The tumor cells lie directly on the endothelium 
of the blood vessels as they do in sarcoma The tumor mass is the seat of 
numerous diffuse hemorrhages and also regions of necrosis ranging from 30 
microns to-' 2 mm in diameter The origin and nature of the cells composing 
this tumor are brought out clearly with granule stains, especially with acid- 
fuchsin methylene green With this stain the cytoplasm of most of the cells 
is found to be filled with eosinophilic granules, corresponding to the eosinophilic 
type of chromophil cell of the normal pars anterior of the hypophysis The 
granules in cells undergoing degeneration do not stain 

A macroscopic and microscopic examination of the tumor by Dr D D Lewis 
revealed no traces of the posterior lobe, serial sections, however, were not made 


PISCUSSION 

The polyglandiilar syndrome is represented here by (1) a chromophil 
cell adenoma of the anterior lobe of the hypophysis, (2) a persistent and 
non-mvoluted thymus, (3) a colloid goiter with marked desquamation of 
the parenchymatous cells, (4) hypertrophy of the chromaflSne cells of 
the adrenal medulla, (5) hyperplasia of the endothelial elements of the 
lymph-nodes and of the spleen, (6) enlargement of the pmeal body, and 
(7) atrophy of the cells of Sertoli and of Leydig (assumed on the basis 
of the loss of sexual function, and from other similar case reports). 
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In this case the hypophyseal disturbance is the probable imdeilying 
cause of the anatomical and functional upsetting of tlie other internal 
secreting glands, and without doubt it is the cause of the aciomegalic 
symptoms In the present state of our knowledge concerning the leal 
cause of the hypophyseal growth, the possibility of fundamental bio- 
chemical distuibance affecting all of the glands at once, is not to be 
denied Noticeable piessure symptoms are often lacking m the early 
hj^perplasia of the hypophysis, even though acromegalic changes have 
occurred , this is exiilained by the fact that a hyperplasia of the chromo- 
phil cells may occur without appreciable concomitant enlargement of the 
gland Some cases of acromegaly teiminate fatally soon after the appear- 
ance of the acral changes, while other cases continue ovei a period of 
twenty years without causing any piessure symptoms In other words, 
chromophil cell hyperplasia may be very insidious in its onset, and 
without gland enlargement extended enough to cause focal symptoms, but 
at the same time causmg gigantism or acromegaly On the other hand, 
hyperplasia of the anterior lobe may come on suddenly with rapid growth 
of, the chromophil stiuma, causing death befoie there are any symptoms 
manifest of disturbed gland function 

In tbe case reported here, although clinical symptoms did not appear 
until a year before the death of the patient, hypertrophy of the anterior 
lobe, at least of the chromophil cells, would seem to have been present for 
ten years or more, because the thymus shows no signs of even a beginning 
involution, normally the thymus undergoes involution at about the 
thirteenth year 

The hyperplasia of the lymphoid structures of the intestines and 
lymph-nodes as well as of the spleen, is indicative of Paultow^s status 
thymo-lymphaticus Gushing cites two such cases, Claude and Bou- 
douin^'^ cite another case It is not probable that the lymphatic enlarge- 
ment here is part of a general tissue hyperplasia, since the mcrease of the 
lymphoid structures is out of proportion to the enlargement of the other 
tissues 

It IS not known precisely what hypophyseal disturbance is responsible 
for a persistent thymus, and why in some cases it is present ^hile in 
other appaiently similar cases, it is absent In dogs that live some time 
after hypophysectomy, the thymus usually remains persistent or enlarged 
In some, but not all, of the cases c^f long standing hypopituitarism there 
IS a persistent thymus , on the other hand, in several instances of hyper- 
pituitarism of the anterior lobe, such as in Cushing’s Case 38, in the case 
of Claude and Boudoum, and in this case, a persistent thymus is also 
present By hyperpituitarism of the anterior lobe is .understood in these 

17 Claude, H , and Boudoum A Etude histologique des glandes a secretion 
interne dans un cas d’acromegalie. Comp rend Soe de biol , Pans, 1911, l\xi, 75 
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cases, a hyperplasia of the chromophil cells In Graves disease the 
thymus is persistent and enlarged, according to Matti,^ and to Capelle,^® 
in 74 and 79 per cent of the cases respectively, this ■would show that a 
hyposecretion of the anterior lobe of the hypophysis may be associated 
with a persistent thymus, since, according to Benda and Lewis, there is a 
decrease in the number of chromophil cells of the anterior lobe in cases 
of exophthalmic goiter. 

Considerable variance of opinion exists concerning the relationship of 
the thyroid to the hypophysis, A condition of excess of colloid and of 
abundant parenchymatous desquamation, as in this case, has been found 
in all of Cushing’s fifteen cases of dyspituitarism, where the thyroid was 
examined. It is his opinion that the thyroid is not functionally inter- 
changeable with the hypophysis, but that both are simultaneously stimu- 
lated to hyperplasia by the same underlying biochemical disturbance. 

In the case of giant Wilkins,^® the thyroid gland weighed 112 grams 
and was of a colloid nature In a chemical analysis of this thyroid Dr 
H G Wells found that the total amount of lodin was 62 9 mg , or 2 28 
mg foi each gram of the dried gland In comparison to the lodin con- 
tent of simple goiters from people living about Chicago and also from 
people living in the eastern states. Wells found that there is no difference 
in so far as the lodin content per gram weight of the dried gland is 
concerned In simple goiters he found 1 5 to 2 5 mg of lodin per gram 
of the dried gland 

Simpson and Hunter.^® using the lodin content of the th 3 rroid gland 
as the index to its activity, find no compensatory assumption of lodin by 
the hypophysis of sheep after thyroidectomy Schonemann-^ examined 
the hypophyses and thyroids fiom 110 autopsies, including eighty-three 
cases of goiter The results which are indicative of some relation between 
the glands are as follows 


27 cases of normal thyroid 
30 cases of colloid thyroid 
1 case of normal thyroid 
33 cases of colloid thyroid 
10 cases of colloid thyroid 
9 cases of colloid thyroid 


Hypophyses all normal 
Increase of the chromophil cells 
Increase of the chromophil cells 
Increase of the connective tissue 
Increase of the vascularity 
Increase of the colloid content 


Caselli^^ and Cushing both noticed hyperplasia of the thyroid gland 
after hypophysectomies , latei, in the chronic stage, the th 3 rroid became 
colloidal 


18 Capelle Cited by Charles A Parker Note 3 

19 Bassoe, P Gigantism and Leontiasis Ossea, Trans Chicago Path Soc , 
1901-1903, V, 231 

20 Simpson and Hunter Does the Pituitary Body Compensate for Thyroid 
Insufficiency, Proc Soc Exper Biol and Med , 1910, viii, 6 

21 Schonemann, von A Hypophysis und Thyroidea, "Virchows Arch f path 
Anat, 1892, cxxix, 310 
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In one ease reported in the liteiatuie by Claude and Boudoum, the 
parathyroid glands were desciibed as being four times as large as normal, 
no case of gigantism or of aciomegaly could be found recorded in the 
literature in which parathyioid insufficiency, producing tetany, was 
evident. 

Cushing has pointed out that in seveial of his cases, symptoms of 
hypoadrenalism were present, i e, low blood-pressure, pigmentation of 
the skin, and hypoglycemia In two other cases there were symptoms of 
hyperadrenalism, manifested by a high blood-pressure In one of these 
latter cases, the adrenal medulla was the seat of a hypeiplasia of the 
chromaffin cells, both adrenals together weighed 15 7 grams In many 
other cases reported in the literature, hyperplasia of the medulla and 
vacuolization of the zona fasiculata are conspicuous 

As exemplified by this case the interrelation of the hypophysis to the 
testicles and ovaries is a veiy close one In hypophyseetomized puppies, 
the testicles remain small and undeveloped, while in old dogs, hypophy- 
sectomy leads to impotence and atrophy of the testicles ^ Practically 
no secondary testicular change has followed experimental hyperpituit- 
arism Physiological hypertiophy of the hypophysis occurs during 
puberty, pregnancy and the climaieiic, indicating a close relation between 
the hypophysis and the sex organs 

Clinically, hypopituitarism, almost constantly associated with hypo- 
physical tumors, leads to undeveloped ovaries and testicles, and to infan- 
tile sex eharacteiistics, when occurring in young people, in adults, anaph- 
rodisia, impotence, amenorrhea, and reversive sex characteristics result 
It IS probable that hyperpituitarism, such as occurs in early chromophil 
cell hyperplasias primary to acromegaly, leads to a transient sexual 
excitability In Case 1 of Cushing’s senes, the history reveals an early 
excessive libido, while later there was impotence, after pressure symptoms 
and acromegaly had intervened In my case, abnormal libido was the 
first sexual symptom noticeable 

The pineal gland m this case is of special interest, since it is over 
twice as large as normal I have been unable to find any reference to its 
simple enlargement m connection with hypophyseal or with polyglandular 
disturbance The physiological action of the pineal gland, if at all of 
importance, must be so during the latter part of mtrauterine life and 
after birth, until the tenth or fifteenth year At birth in man, it is the 
size of a grain of wheat, at the age of one year it is 3 mm long, while at 
puberty it averages 7x5x4 mm , the largest size of all periods From 
puberty on it becomes smaller, fibrous, cystic and filled with psammomata 
Ontogenetically considered, it is the remains of the third eye or pair of 

22 Aschner, B Demonstration von Hunden nach extirpation der Hypopliyse, 
Wien klin Wchnschr , 1909, xxii, 1730 
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eyes, found now in one species of Australian lizard, the EaUeiia pirnc- 
iota In J ordan’s^^ excellent work on the development of the pineal 
body in sheep, where it is much larger than m other common mammals, 
he finds that in the 1 5-months-old embryo, there develop in the gland 
unbranched, blind alveoli, 80 microns long These alveoli are composed 
of low columnar cells with an indistinct cytoplasmic outlme, melanin 
granules are almost constantly found in the cytoplasm of these cells At 
one half teim (3 5 months), tufts of capillaries running in the connective 
tissue septa are invaginated into these tubules, formmg structures not 
unhke the Malpighian bodies of the kidney At term (5 months), the 
gland reaehes its greatest development, being then 8x5x5 mm in size, 
and containing numerous alveoli with many glomerular invagmations 
Jordan could find no evidence of secretory activity other than the melanin 
granules At 8 months after birth, the time of matmg m sheep, the 
pineal body is still as large as at birth After the first year it decreases 
m size, finally becommg small, sclerotic and cystic in old sheep He 
concludes that its sphere of development up until puberty, together with 
its gland-like structure, makes it appear very much like a^ gland of 
mtemal secretion, on the other hand, all these phenomena of develop- 
ment can be mterpieted on a phylogenetic basis 

Krabbe,^® in the study of 100 human pineal glands, found what he 
mterpreted as being secretory granules of a basophilic nature The 
granules appear in the nuclei and are shed into the surrounding cyto- 
plasm; this process occurs constantly up until advanced age Kidd^® 
believes that the pineal gland ceases in activity as the hypophysis waxes 
m function, having reference heie peihaps to the fact that the chromo- 
phil cells of the hypophysis mcrease from birth on until 40 

Exner and Boese^^ extirpated the pmeal gland in ninety-five young 
dogs, and observed several until puberty without noticing any physi- 
ological changes in their development The injection experiments of 
von Cyon,^® Howell,^® Dixon and Halliburton®® and others, with extracts 

23 Bailey and Jelliffe Tumors of the Pineal Body, The Aechives Int Med , 
1911, vni, 851 

24 Jordan, H E The Histogenesis of the Pineal Body in Sheep, Am Jour 
Anat, 1911, xii, 249 

25 Krahbe Sur le gland pineal chez I’homme, Eouv iconog de la Saltp4tri6re, 
1911, p 257 

26 Eadd, L J Pineal Experimentation, Brit Med Jour , 1910, ii, 2202 

27 Exner, A, and Boese, J Ueber experimentalle Extirpation der Glandula- 
pinealis, Deutsch Ztschr f Chir , 1910, cvii, 182 

28 Von Cyon, V • Zur Physiologie der Hypophyse, Arch f d ges Physico , 
1901, Ixxxvii, 389 

29 Howell, C M H • Tumors of the Pineal Body, Eoyal Soc Med , London, 
March, 1910 

30 Dixon, W E, and Halliburton, W D The Pineal Body, Quart Jour 
of Exper Physiol , 1909, ii 283 
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of the pineal body, were all practically negative Dixon and Halliburton 
used extracts of adult sheep glands, as all evidence points to the fact that 
the function of the pineal gland is one of early life, it would be expected 
that extracts of adult pineal glands were inert 

Jordan and Eyster,^^ using fiesh extiacts of sheep pineal glands and 
injecting these into cats, dogs and sheep, obtained a slight fall of blood- 
pressure, greater than with extracts from other parts of the brain Per- 
fusion of two cats’ hearts, using one gland to a liter of salt solution, 
produced a slight strengthening and quickening of the beat In most 
dogs a short period of diuresis was produced by injection of acidulated 
extract The author does not state whether or not he used glands from 
lambs or from sheep 

Eoa^2 found in three young roosters from whieh the gland had been 
removed before the fifth week, that the testes and eombs, at the eleventh 
month, were larger than those of the controls These depmealizd 
roosters crowed thirty-six days earlier, mated fort}’’-seven days sooner, 
and were a little heavier than the contiols There were no macroscopic 
changes in the other glands Biach and Hulles^® removed the reproduc- 
tive organs from kittens, seven months later they found that there was 
atrophy not only of the whole pineal gland, but also of its individual 
parench 3 Tnatous cells, as compared to the glands of normal kittens from 
the same litter 

Bailey and Jelliffe collected from the literature up imtil 1912, fifty- 
nine cases of pineal tumor, including adenomas, sarcomas, adenosai comas, 
teratomas, glomas, endotheliomas and carcinomas Pour of these fifty- 
nine cases, namely, those of Ogle,^^ a sarcoma , Oestreich and Slawj^k,®" a 
psammomata cysticus, Marburg,^® a teratoma, and Prankel-Hochwart,®^ 
a teratoma, all under 10 years of age, had developed the remarkable 
sydrome of precocious sexual maturity Por example, in Prankel-Hoch- 
warPs case, the boy at the age of 3 began to grow rapidly, so that at 5 he 
had leached the size of a boy of 7 years, his mind dwelt on adult subjects, 
his penis was large, while pubic and axillary hair were present, erections 

31 Jordan, H E , and Eyster, J H E The Physiological Action of Extracts 
of the Pineal Body, Am Jour Physiol, 1911, xxix, 115 

32 Foa, C Hypertrophy of Cocks’ Combs and Testes Following Eemoval of 
the Pineal Gland, Arch ital de biol , Turin, 1912-1913, Ivii, 233 

33 Biach, P, and Hulles, E Ueber die Beziehungen der Zirbeldruse zum 
Gemtale, Wien klin Wchnschr , 1912, xxv, 373 

34 Olge, C Sarcoma of the Pineal Body, Trans Path Soc London, 1899, 1 

35 Oestreich and Slawyk Risenwuchs und Zirbeldrusen geschivulst, Virchows 
Arch f path Anat , 1899, clvii, 475 

36 Marburg, 0 Zur Kenntnis der normalen und pathologischen Histologic 
der Zirbeldruse, Die Adipositas Cerebralis, Deutsch Ztschr f Hervenh , 1909, 
xxxiv, 114 

37 Frankel-Hochwart, von L Ueber Diagnose der Zirbeldrustumoren, Deutsch 
Ztschr f Nervenb , 1909, xxxni, 455 
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were frequent, his voice had changed At 9 yeais he was as large as a 
hoy of 15, except that his genitals were those of a hoy of 17 or 18, 

A case reported by Cushing of a boy 8 years old with similar symp- 
toms of piecocious sexual development, may be included in this class of 
pineal cases, although exploratory operation revealed nothing obviously 
abnormal with the pineal body 

Maiburg was the first to lay emphasis on this syndrome The 
metabolic symptoms, according to him, are (1) precocious sexual develop- 
ment due to hypopmealism, (2) imiversal adiposity due to hyperpineal- 
ism, and (3) cachexia due to apmealism Adiposity has been found in 
about ten cases of pineal tumor unassociated with sexual distuibance; 
this adiposity may be very well explained, aside from whatever specific 
effect the pineal gland may have in governing carbohydrate metabolism, 
by a hyposecretion of the posterior lobe of the hypophysis, resulting in 
turn fiom a third ventricle hydrocephalus, occlusion of the duct of 
Sylvius by tumors located in the pineal region frequently results in 
hydrocephalus of the third ventricle, a condition often associated with 
adiposity 

Whether the enlargement of the pineal body, in the case reported 
here, is due to some primary biochemical disturbance, or is secondary to 
the hypophyseal disturbance, cannot be determined If the pineal gland 
is one of the glands of internal secretion, and in all probability it is 
during early life, its abnormal enlargement here, as but one manifesta- 
tion of a polyglandular syndrome, is of considerable significance 

I wish to acknowledge many thanlcs to Dr H Gideon Wells, and to Dr 
Dean D Lewis for then valuable suggestions in the preparation of this paper 



THE FUNCTIONS OF THE DIAPHEAGM AND THEIE 
DIAGNOSTIC SIGNIFICANCE '• 

C r HOOVER, M D 

CLC\ ELAND 

A deal iindei standing of the lespiiatory role of the diaphragm is 
necessary to analyze the lespiratory movements in the thorax and 
abdomen In formei yeais the inspiratory excursion of the diaphragm 
was grossly exaggerated by estimating the excursion of the lower borders 
of the lungs as a measure of phrenic movement These were misleading 
because the descent of the lung in the pleural sinus to an extent of 6 cen- 
timeters may be accomplished by the diaphiagm descending or withdraw- 
ing from the thoracic wall only a distance of 1 centimeter 

The inspiratory descent of the anterioi hepatic border is an exagger- 
ation of phrenic movement because the liver rotates on a transverse axis 
during inspiration and is not depressed in toto during inspiration This 
axis of rotation is marked by the posterior hepatic border or that liver 
portion which is not covered by peritoneum This part of the liver is 
fixed by leflections of the peritoneum from the liver to the under surface 
of the diaphragm and posteiior abdominal wall from the superior and 
infeiior surfaces, respectively, of the liver 

Inspiratory movements of the diaphragm, therefore, rotate the liver 
forward and downwaid The rotating foice is applied on the posterior 
and superior portion of the upper surface of the liver and therefore the 
excursion of the anterior border of the liver corresponds to the excursion 
of a lever of the third class, the fulcium being at the posterior hepatic 
border and the power applied at the posterior portion of the upper surface 
of the liver So the descent of the lower pulmonary and anterior hepatic 
borders are gross exaggerations of phrenic excursion 

In recent times the fluoroscope has given us more accurate conceptions 
of the inspiratory descent of the diaphragm A very good example of 
this magnification of phienic descent is seen m pericarditis with effusion 
Several years ago a patient with purulent pericarditis of pneumococcus 
origm came under my obseivation The liver in this instance presented 
a great rounded tumor on the right side of the abdomen with its anterior 
border rotated downward in the iliac fossa Paracentesis of the peri- 
cardial sack was performed, and although only 700 c c of pus were 

* Submitted for publication May 17, 1913 

* Read before the meeting of the Association of American Physicians, 
Washington D C, May, 1913 
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removed, when the aspiration was finished, the anterior border or edge of 
the liver occupied its normal position at the right costal border 

All discussions of the function of the diaphragm which have appeared 
in recent years contain recognition of two movements at the base of the 
thorax which are caused by diaphragmatic contractions (1) retraction 
of the hypochondria, and (2) widening of the subcostal angle or diverg- 
ence of the costal borders 

Keith,^ in his article on “Eespiration in Man,” refers to Duchenne’s 
experiments and deductions which amounted to proving that diaphrag- 
matic action contributed to widening of the subcostal angle and spreading 
of the hypochondria b}’’ viitue of the piston action of the liver, spleen 
and stomach, which are driven downward and foiward, thus spreading 
the upper lateral abdominal boundaries All modern works in physiology 
and anatomy refer to Duchenne’s experiments and unite in maintaining 
the validity of his deductions 

When one attempts loutinely to analyze the respiratory excursion of 
the thoiacic walls in a service of patients with varied thoracic and 
abdominal conformations and with varied thoracic and abdominal dis- 
eases, it will be found that Duchenne’s explanation is not tenable 

1. It IS proposed to show in the following discussion that the resultant 
of phrenic contraction always tends to narrowing of the subcostal angle, 
letraetion of the lower end of the sternum and reti action of the internal 
portions of the hypochondria above the level of the ninth costal cartilages 

2 Although the action of the diaphragm is correlated with the action 
of the scaleni and intercostal muscles, the diaphragm is the antagonist of 
the other muscles in their efforts to enlarge the transverse and antero- 
posterior diameters of the base of the thorax, and also acts as an antag- 
onist to the tendency of these muscles in their inspiratory activity to 
lessen the longitudinal diameter of the thorax and lengthen the longi- 
tudinal diameter of the abdomen 

3 There is a two-fold purpose in the contraction of the diaphragm, 
VIZ , to maintain the integrity of the longitudinal diameter of the thorax 
against the inspiratory effect of the scaleni and intercostals, and also to 
enlarge the longitudinal diameter of the thorax 

4 The resulting variations in respiratory movements of the lower 
end of the sternum, subcostal angle and costal borders fiom the ninth 
rib to the subcostal angle, the epigastrium and hypochondria, all depend 
on the higher or lowei positions of the diaphragm 

5 When the diaphragm is pushed upward it is placed at a mechanical 
disadvantage in approximating the points of origin and insertion of its 
muscle, VIZ , the central tendon, sternum and costal borders 

1 Keith Further Advances in Physiology, 1909, p 182 
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But when the diaphragm is displaced downwaid the muscle is placed 
at a mechanical advantage for its effect on the movement of these 
structures 

6 However high or low the diaphragm may be placed, so long as its 
muscle IS active the longitudinal diametei of the thorax is either main- 
tained or enlarged by its action. 

Although all these propositions seem very simple and are easily 
explained, the want of a satisfactory understanding of the function of 
the diaphragm has made it impossible to make a critical analysis of 
respiratory movements of the thorax in any and all diseases 

The so-called Litten diaphragm phenomenon is of service in estimat- 
ing the excursion of the lower border of the lungs, but it is such a small 
part of the many evidences of respiratory movement at the lower thoracic 
aperture, that when it is absent the phenomenon is not of any diagnostic 
service Several monographs^ on the diaphiagmatic function have been 
published from German souices, but they deal only with the effect of 
phrenic contraction on the pleural sinus and treat the excursion of the 
costal angle evasively The more important manifestations of diaphrag- 
matic activity are disregarded because the antagonistic relations between 
the diaphragm and scaleni have not been taken into account 

In the dog in health and disease the diaphragm and its antagonists 
produce respiratory movements of the lower end of the sternum, subcostal 
angle, costal borders, epigastrium and hypochondria, identical with those 
seen in human beings In man, spasm of the diaphragm causes retraction 
of the lower end of the sternum, narrowing of the subcostal angle and 
violent approximation of the hypochondria toward the median line 
When this function is seen in diaphragmatic pleurisy or mediastinitis in 
man we are in doubt about the movements resulting from diaphragmatic 
action alone The transverse abdominal muscles may also contribute to 
the movements If the linea alba of the dog is slit from the sternum to 
the pubes and the abdominal walls on both sides are cut transversely to 
the quadratus lumborum then muscular activity of the abdominal walls 
can be eliminated as a factor in movements of the costal borders 

After these preparatory incisions, electrodes are placed on the right 
and left leaflets of the diaphragm When the diaphragm is then stimu- 
lated by a strong electric current the sternufli, subcostal angle, costal 
borders and hypochondria exhibit the same movements as are seen during 
phrenic spasm in man Wlien the three roots of the phrenic nerve of the 
dog are cut on both sides so the diaphragm is completely paralyzed, then 
the inspiratory widening of the subcostal angle and flaring of the hypo- 

2 Znhei, Ench Das Spiel des Zwerchfells, Berlin, 1906, p 176, Eppinger 
Allgemeine und Spezielle Patliologie des Zwerclifells, Wien, 1911, p 252 
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chondiia during inspiration are mucli exaggerated over the same move- 
ments which occur when the phrenic nerves are intact. 

A few months ago we had a child at Lakeside Hospital whose arms 
and legs and diaphragm were completely paralyzed fiom poliomyelitis 
anterior The scaleni and intercostal muscles were intact The respira- 
tory movements were identical with those of the dog whose phrenic 
nerves were severed 

The subcostal angle showed an exaggerated widening during inspira- 
tion The costal borders and hypochondria diverged from the median 
line, and the epigastrium was retracted during inspiration In other 
words, the scaleni and intercostals had no antagonist to modify their 
inspiratory movements of the hypochondria and costal borders 

A man, 47 years old, was operated at Lakeside Hospital six months 
before his second admission to the hospital on account of empyema of 
the gall-bladder, drainage was established and in about two months the 
drainage fiom the gall-bladder ceased, the sinus closed and the patient 
was perfectly comfortable during a period of four months, when suddenly 
he was seized with chills and fever and seveie pain in the right h 3 rpo- 
chondrium and over the right deltoid muscle A week later he was 
admitted to the medical wards and presented aU the characteristic 
phvsical signs of a lai ge amount of fluid in the right pleural cavity The 
right thorax was larger than the left The right side was flat on per- 
cussion from the clavicle to the edge of the liver which was located 2 
inches below the costal border in the nipple line The physical signs of 
auscultation and percussion were characteristic of a pleural cavity filled 
with fluid The one sign which was at variance with thoracic empyema 
was the fact that the affected side had a larger excursion, and particularly 
the right costal border diverged much more from the median line than 
did the left costal bolder This fact indicated a loss of function of the 
diaphragm and suggested that an infraphrenic abscess had ruptured 
through the diaphragm into the right pleural cavity, or at least a myositis 
of the diaphragm had resulted in a loss of its muscular function For, 
had the diaphragm been displaced downward by the empyema and had 
the phrenic musculature been left intact then the activation of the 
phrenic muscle would have fixed the right costal border so as to prevent 
Its divergence from the median line, or the right costal border would 
have been drawn toward the median Ime during inspiration Evidently 
the scaleni and intercostal muscles of the right side were not opposed by 
the normal antagonistic action of the diaphragm Unfortunately, the 
patient’s critical condition at the time of operation did not admit of 
definitely determming whether there was or was not an opening through 
the diaphragm Two weeks after the empyema was drained the patient’s 
costal borders moved symmetrically during mspiration 
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Another patient developed signs suggesting thoracic empyema follow- 
ing appendicitis The base of the right thoiax was dull, tactile fremitus 
was diminished Auscultation revealed a diminution of the intensity of 
the respiratory sounds attended with elevation m pitch of the inspiratory 
and expiratory sounds 

All these physical signs weie strongly suggestive of thoracic empyema, 
hut one sign alone gave the key to the diagnosis The costal border of the 
affected side had a greater lateral excursion than the sound side This 
fact could have only one interpretation, and that was a loss of the normal 
antagonism of the diaphragm to the action of the scaleni and intercostals 
of the affected side 

In conjunction with the other physical signs mentioned, this sign 
indicated an upward displacement of the diaphragm and led to the 
diagnosis of a subphrenic abscess 

An operation was pei formed to establish dramage and the entire 
accumulation of pus was found beneath the diaphragm ^ 

Upward displacement of the diaphragm diminishes the inspiratory 
restraint of the costal borders because the more its muscle is curved the 
less will be the resulting traction on its sterno-costal attachments Con- 
veisely, the flatter the diaphragm the greater will be the resulting traction 
on its sterno-costal attachments 

When hepatic enlargements displace the diaphragm in an upward 
diiection, then the right costal border will exceed the left costal border 
in its inspiratory divergence from the median line Patients with acute 
jaundice who have swollen livers show this disparity in movement After 
the jaundice has subsided and the diaphragm resumes the original 
position then the two costal borders are seen to have a symmetrical 
excursion 

When the liver is enlarged in an upward direction sufficiently to 
displace the lower border of the lung a distance of one intercostal space 
this increase in the excursion of the costal border is distinctly visible 
Paresis of the diaphragm or accentuation of the convexity of the dia- 
phragm 'Will serve to increase the inspiratory divergence of the costal 
border from the median line An upward displacement of the diaphragm 
will not serve to increase the movement of the costal border on the 
affected side if the displacement is caused by an obsolete pleurisy with 
sjmechia between the diaphragm and the thoracic wall This is par- 
ticularly true when the site of the synechia is in the anterior portion of 
tlie pleural smus 

A patient who recovered from bilateral pleurisy had the usual char- 
acteristic signs of obsolete pleurisy, viz , dulness, diminished excursion, 

3 This observation was made by Dr H L Taylor, resident physician at 
Lakeside Hospital 
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diminis'hed tactile fiemitus and lessened intensity of the respiratory 
mnrmnr without elevation in pitch of the respiratory sounds or any 
adventitious sounds The right costal margin moved away from the 
median line during inspiration, but the left costal border moved toward 
the median line durmg mspiration The physician who attended the 
patient durmg his illness said the most persistent and most intense 
dulness and resistance was over the left inframammary region where the 
most marked signs of thickened pleuia and S 3 mechia persisted 

This evidence of increased diaphragmatic retraction of the costal 
border suggested that the diaphragm had acquired a mechanical advan- 
tage m its traction on the costal border because there was fixation of the 
dianhragm to the thoracic wall above the costal border, thus giving 
approximately a straight line to the phrenic muscular strands from the 
central tendon to the left stei no-costal region 

This view was confirmed by the following very simple experiments 

The abdomen of a dog was opened, and to avoid the possibility of 
admittmg air to the pleural cavity a thm strip of wood was placed against 
the under right side of the diaphragm, so that the diaphragm over the site 
of the pleural smus from the right sternal border to the anterior axillary 
Ime was brought mto contact with the thoracic wall by a clamp which 
was applied to the outer side of the thorax and the inner surface of the 
strip of wood This gave a high insertion of the diaphragm and resulted 
m fixation and retraction of the right costal border during inspiration 
The same effect on the mspiratory excursion of the costal border was 
procured by fixing the diaphragm to the ribs about 2 inches above the 
costal margm by means of silk ligatures which were passed through the 
diaphragm and thoracic wall with very thin needles When the ligatures 
were released the costal border resumed its original inspiratory divergence 
from the median hne 

This manner of upward displacement of the diaphragm converts the 
Ime of traction from a curved to a straight line, thus placmg the dia- 
phragm at a mechanical advantage, whereas an upward displacement of 
the diaphragm which accentuates the curve of the line of traction (as 
occurs m hepatic enlargement) will place the diaphragm at a mechanical 
disadvantage The movements of the costal borders and lower end of 
the sternum are much more readily affected of course by varymg eleva- 
tions and depressions of the anterolateral strands of the diaphragm than 
the changes in the elevation of the posterior strands of the diaphragm 
This IS apparent from clmical experiences and also from trials made m 
the experiment on the dog which I have just described When the pos- 
terior portion of the diaphragm was fixed to the thoracic wall over the 
site of the pleural sinus, the inspiratory widenmg of the subcostal angle 
was not modified 
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Tims far the discussion has dealt with clinical and expeiimental 
evidences which show the subcostal angle is enlarged during inspiration 
by the action of the scaleni and intercostal muscles, and also that 
impairment of the diaphragmatic muscle or paresis from disease or 
cutting the phrenic nerves or accentuation of the arch of the diaphragm 
will contribute to the inspiratory widenmg of the subcostal angle We 
can now see the errors involved in the interpretation of Duchenne’s 
esperiment of driving the diaphiagm upward by bandaging the abdomen 
of the dog and thus increasing the longitudinal diameter of the abdomen 
at the expense of the longitudinal diameter of the thorax The accepted 
interpretation of this experiment is, the diaphragm thus being prevented 
from encroachmg on the longitudinal diameter of the abdomen by its 
conti action, expends its foice in elevating the costal holders and widening 
the subcostal angle 

The correct mterpretation of Duchenne’s experiment lies m the fact 
that an increase of the convexity of the diaphragm without altering it': 
insertion in the antero-lateral thoracic wall, places the diaphragm at a 
mechanical disadvantage and thus contributes to widening of the sub- 
costal angle by the action of the scaleni and the mtercostal muscles 

Downward displacement of the diaphragm will place the diaphragm 
at a mechanical advantage in restraming the divergence of the costal 
borders, and thus causes a diminution of the inspiratory widening of the 
subcostal angle, and may cause retraction of the lower end of the sternum, 
narrowing of the subcostal angle and approximation of the hypochondria 
toward the median line 

My attention was first called to these phenomena in pulmonary 
emphysema A moderate degree of pulmonary emphysema will cause 
the pleural sinuses to be filled with the enlarged pulmonary borders and 
still the emphysema will not be severe enough to cause cyanosis or an 
increase of the COo content of the alveolar air above 5 3 per cent Dnder 
these conditions there will still be a distinct widenmg of the subcostal 
angle during mspiration If the degiee of emphysema mcreases of 
course the lower borders of the lung can descend no further than the 
bottom of the pleuial sinus, but farther flattenmg of the diaphragm causes 
the subcostal angle to be narrowed during inspiration and the anterior 
hypochondria wiU be approximated toward the median line durmg 
inspiration When emphysema is sufficiently severe to cause cyanosis, so 
that the alveolar air will contain 6 5 per cent or more of COg, then the 
subcostal angle will not be enlarged or it wiU be diminished during 
mspiration 

Variations of degree m pulmonary emphysema offer very good oppor- 
tumties to see just when the critical point m flattenmg of the diaphragm 
IS obtained 



C F HOOVER 


221 


The first step in emphysema reveals the pleural sinus filled with lung; 
then as the fiattening of the diaphragm progresses, the critical point is 
attained when the subcostal angle remains constant during inspiration, 
and further descent of the diaphragm is attended with inspiratory nar- 
rowing of the subcostal angle and inspiratory approximation of the 
hypochondria The last condition is always seen when the alveolar air 
obtains a percentage of COg as high as 7 5 per cent 

When pulmonary emphysema is attended with cyanosis and these 
changes in the respiratory movement of the subcostal angle and hypo- 
chondria are not apparent, then it can be said with certainty that the 
cyanosis is not due to impairment of lung ventilation from emphysema 
alone, but the cyanosis must then have a contributory cause in some other 
factor which impairs either internal respiration or the respiratory func- 
tion of the lung, which is quite distinct from the ventilatory function 
Conversely, when an emphysematous patient has marked inspiratory 
narrowing of the subcostal angle and cyanosis is absent, then some other 
factor besides enlargement of the lung must contribute to the flattening 
oO the diaphragm Enlargement of the pericardial sac causes inspiratory 
narrowing of the subcostal angle 

A small pericardial effusion may be demonstrated by other physical 
signs when the phrenic displacement is so slight that it allows inspiratory 
widening of the subcostal angle As the effusion increases the critical 
poijic IS reached when the subcostal angle remains constant during all 
respiratory phases and the epigastrium is protruded during inspiration 
Wlien accumulation of fluid in the pericardial sac progresses there will be 
inspii atory narrowing of the subcostal angle and inspiratory retraction of 
the epigastrium 

It IS this stage of diaphragmatic depression which has often been 
mterpreted as phrenic palsy in pericarditis The diaphragm is not 
paralyzed, but it is activated during inspiration, and because of its down- 
ward displacement retracts the hypochondria and narrows the subcostal 
angle Owing to the flattening of the diaphragm, its activation does not 
cause a further lengthening of the thorax, but the longitudinal diameter 
of the thorax is maintained and the epigastrium is retracted because the 
tlioiacic cage in toto is elevated This elevation of the thoracic cage 
enlarges the capacity of the hypochondria , consequently the epigastrium 
IS retracted 

Within a day’s time the pericardial effusion may be absorbed suffi- 
ciently to cause a return to the normal type of respiratory movement of 
the subcostal angle and the epigastrium This lack of respiratory excur- 
sion of the diaphragm attended with inspiratory retraction of the epigas- 
trium has been incorrectly described as paralysis of the diaphragm in 
pericarditis There can be no paralysis of the diaphragm when the 
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subcosta] angle is nai rowed during inspiiation Paralysis of the dia- 
phragm contributes to the inspiiatory widening of the subcostal angle 
We have had ample oppoitunity to confirm at Lakeside Hospital this 
effect of pericardial effusion and the mspiratory movement of the sub- 
costal angle and costal holders A patient with pericarditis who was 
frequently tapped always exhibited the phenomena above described before 
and after each paracentesis 

These phenomena are specifically described because one finds in all 
neuiological woiks very imsatisfactoiy discussions of the symptoms of 
paialysis of the diaphragm And where specific statements are made, 
as m La Pratique Heurologique by Guillam,^ we find the symptoms of 
phrenic paialysis are desciibed as showing ‘^inspiratory retraction of the 
hypochondiia and expiiatoiy expansion of the hypochondria which is the 
opposite of what is normally seen ” This eiror has evidently arisen from 
mistaking the evidences of a fiattened diaphragm for evidences of dia- 
phragmatic palsy 

Cardiac enlargement may alter the respiratory excursion of either the 
left or both costal margins If the enlargement is to the left of the 
median line, only the left margm is affected , if the enlargement is to the 
median line, as occurs in mitral stenosis, then the subcostal angle will be 
symmetrically narrowed durmg mspiration 

Thus far only those conditions which cause a widespread flattening 
of the diaphragm (as in emphysema), or those which cause purely a local 
flattening of the stei no-costal fibers of the diaphragm have been described 

Pilling of the pleural 'Jinus laterally and posterioily will also modify 
the inspiratory excursion of the costal border on the affected side This 
effect IS of great service in recognizing pleurisy with effusion and 
pneumothorax, as both conditions will result in fixation of the costal 
bordei or an inspiratory traction of the costal border toward the median 
line 

Por example, a young girl 18 years old, had a pleurisy with effusion 
on the right side which was unattended with pain The fluid occupied 
only the posteiior aspect of the pleural cavity During inspiration the 
left costal border diverged from the median line The right costal border 
was drawn towaid the median line during inspiration Two hundred and 
seventy c c of fluid was aspirated and then the right costal border 
diverged fi om the median line 

Pleuritic pam accompanying an inspiratory movement will inhibit 
tbe excursion of the costal margin durmg inspiration, but this is quite 
different from restiamt of the costal border in pleurisy with effusion 
When pleuritic pain is a factor, the scaleni and intercostal muscles of 
the affected side are inhibited m their action, so of course the costal 


4 Mane, P 1911, p 650 
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border ■will move very little, but the costal border is not dra'wn to'ward 
the median Ime The important point to bear in mind is to determine 
the movement of the costal border -when the actions of the scaleni and 
intercostals are not inhibited 

This movement of the costal border is frequently of great service in 
differentiating between pulmonary infiltration of the lower lobe of a lung 
and pleurisy with effusion, and also in differentiating between an obsolete 
pleuiisy and pleurisy 'with effusion when the obsolete pleurisy does not 
involve the sterno-costal portion of the diaphragm 

Consolidation of the lower lobe of the lung and obsolete pleurisy may 
dimmish the excursion of the costal margin, but there will be some move- 
ment and that will be away from the median line, and not toward it, as 
occurs in pleurisy with effusion. 

Pneumothorax causes inspiratory traction of the costal border toward 
the median line on the affected side, as can be readily seen in man and 
produced in dogs by the admission of air to a pleural cavity. Air was 
admitted to the right pleural cavity of a dog and directly the costal 
margin of the right side was seen to move toward the median line during 
inspiration. ' 

All the roots of the right phrenic nerve were then cut and directly 
the right costal border diverged from' the median hne during inspiration, 
although the diaphragm occupied a very low position The diaphrag- 
matic attachments to the right costal border were then cut and the lateral 
excursion of the right costal border during inspiration was greatly 
increased 

Keith^ says, ^^The writer, from observations made by the x-rays, has 
come to regard a free movement of the subcostal angle as an index of a 
free action of the diaphragm ” This statement is literally true, but not 
in the sense in which Keith interprets the phenomenon If the dia- 
phragm IS activated in a normally arched position or in a position higher 
than normal, there will be a marked excursion of the diaphragm and 
inspiratory widening of the subcostal angle In this sense activation and 
excursion of the diaphragm are attended with widening of the subcostal 
angle, but the inspiratory widening of subcostal angle is not due to 
activation of the diaphragm, but to activation of the muscles which lift 
the thoracic cage When the convexity of the diaphragm is flattened its 
activation will be quite as strong as when the diaphragm has a maximum 
convexity, but phrenic activation in a loivered position manifests itself in 
fixation or narrowing of the subcostal angle 

Briefly stated, movements of the costal holders during respiration 
give valuable aid m differentiating between supraphrenic and subphrenic 
disease Also in differentiating between pulmonary consolidation and 
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pleurisy with effusion, and in differentiating between obsolete pleurisy 
and pleuritic effusion 

Costal border movements enable us to form a comparative estimate 
of a degree of pulmonary emphysema which exceeds mere filling of the 
pleural sinus with aerated lung Movements of the costal borders give 
indication of the amount of fluid in a pericardial sack and also contribute 
to an appreciation of cardiac enlargement and an appreciation of the 
relative enlargements of the two ventricles Unlike the diaphragm phe- 
nomenon of the pleural sinus, these movements of the costal borders and 
the subcostal angle are always present and can be accurately observed 
whatever the disease may be and however thick may be the panmculus 
adiposus So these signs have a much broader and more accurate diag- 
nostic significance than the so-called Litten diaphragm phenomenon 

In conclusion a word of caution should be added In making an 
estimate as to whether a costal border is stationary or diverges from, or 
IS drawn toward the median Ime, the examiner should apply his thumbs 
symmetrically placed along the costal borders to serve as indicators 
Inspection alone without the aid of palpation of the holders may lead to 
confusion between elevation of the thoracic cage, and widening of the 
subcostal angle The thoracic cage may be strongly elevated and still 
the subcostal angle remain the same size In fat persons, asymmetrical 
movements of the costal borders may be obscured without the aid of 
mdicatory palpation 

I •wish to acknowledge much helpful assistance in animal e-^penments from 
Dr H L Taylor, resident physician in Lakeside Hospital, and from Dr E G 
Pearce of the department of physiology in Western Reserve Medical School 

700 Rose Building 
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The experiments here reported were undertaken in an attempt to 
demonstrate functional variations of the thyroid. From an analogy with 
other glands of the body, such variations probably exist in different 
individuals, and also in the same individual under different conditions. 
Heretofore there has been no method sufficiently dependable to follow 
even the extremes of activity of the gland, not to speak of the many pos- 
sible intermediate stages Hntil a satisfactory method is developed, no 
. definite knowledge is obtainable of the true character of the various 
conditions supposedly referable to abnormal states of the th3rroid gland 

One of US’- has for a considerable time been interested in the develop- 
ment of a biological test for the thyroid secretion Attempts are being 
made to use the cretin rabbit for this purpose, yet by the technic so far 
employed satisfactory results have not been obtained 

The Hunt acetonitril test, though valuable for certain lines of attack, 
has failed in the hands of Carlson and Woelfel,® Hunt® and Lussky^ to 
determine any constituent of the thyroid product in the blood of dogs, 
labbits or guihea-pigs in any experimental condition of hyperthyroidism 
With the blood of clinical cases of exophthalmic goiter. Hunt obtained 
positive results in two out of three cases Carlson and Woelfel could not 
get a positive reaction in the case studied by them, nor in Carlson’s own 
blood after having taken thyroid till disagreeable symptoms arose 

Very recently one of us® has shown Mallory’s connective tissue sum, 
when applied to the colloid in tissues fixed in Zenker’s solution, to be 
capable of indicating variations in the lodin content It was thought that 
the lodin variations might well be parallel to, or dependent on, a func- 
tional thyroid activity, and hence by such a method, variations in thyroid 
activity might well be followed The work reported in this paper is based 
on the estimation of relative amounts of lodin in thyroid colloid as 
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indicated by the reaction with the modified Mallory’s stam Although 
other molecular groups than those containing lodin may stam blue with 
the stain used, yet the rough parallelism of amount of blue staining 
colloid to tbe analyzed lodin content of the gland, together with increased 
blue colloid on lodid administration, indicate very strongly that the blue 
staining reaction is due to the lodin in the colloid Obviously we are 
entirely m the dark as to the character of the lodm combination, either 
in the colloid of the gland oi in the ciiculation, but even if subsequent 
work showed that this staining reaction is not due to lodin, the least that 
can be said is that the extent of this stainmg reaction runs parallel to 
the lodin concentration We are compelled to follow the u nkn own mole- 
cule by the single element lodin, and that we determine only as it occurs 
in the thyroid colloid 

The manipulative proceduies weie the following After aseptically 
removing a small piece of one thyroid lobe, rabbits were fed on com- 
mercial desiccated sheep thyroids® foi three or four days until, with very 
model ate doses, distinct toxic signs were seen Then another small piece 
was removed from the remammg intact lobe, after completion of the 
period of thyroid administration The thyroid colloid showed m every 
case a marked increase in the blue staining reaction 

These thyroid-fed animals were bled, and serum was prepared by 
coagulation and centnfugalization This serum was injected intra- 
venously into a test rabbit from which a small piece of thyroid had 
previously been removed foi control Forty-eight hours later a portion of 
-che remaining mtact lobe was removed, fixed in Zenker’s solution and 
stained by the method above mentioned 

This procedure Jesuits m an accumulation of lodin in the thyroid of 
the test animal, as indicated by the increased area of blue staining 
colloid This result was constant in all but a single case (see table), in 
which the second portion of thyroid was removed after twenty-four 
instead of forty-eight hours Several animals showed a positive reaction 
at twenty-four hours, but in view of the apparent exception, we there- 
after removed the second portion only after foity-eight hours with posi- 
tive results in every case The thyroid colloid of the intoxicated animal 
gives the same lodin reaction seen in the test animals which had received 
intravenously serum from the liyperthyroid animal This demonstrates 
the presence of lodin in the blood of the hyperthyroid animals,'^ and since 
the colloid takes lodin from the blood, the latter may be considered hyper- 
lodized with respect to the colloid itself The thyroid-fed animals were 

6 The material used was Tery kindly supplied to us by Parke, Davis & Co , 
for which we wish to express our appreciation 

7 In this paper we shall use the term “hyperthyroid” reservedly to mean 
that condition produced directly or indirectly by the feeding of thyroid products 
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Tindoubtedly hyperthyroid, as shown by the toxic symptoms From these 
results we believe that the same qualitative conditions of thyroid excess 
may well exist m both animals, differing mainly in degree. While the 
thyroid-fed animals were seen to be definitely intoxicated, the animals 
receiving hyperthyioid serum showed no apparent change other than the 
difference in staining reaction of the colloid Pure inorganic lodid 
medication does cause a positive thyroid colloid reaction as shown by 
Jones, but relatively enormous doses were given (15 to 4 gm lodin as 
potassium, lodid) In our feeding experiments the lodin administered as 
thyroid lodm was approximately 4 mg The commercial th3rroid extract 
used was guaranteed to contain not less than 0 2 per cent lodin We did 
not check this determination, but did find that there was no inorganic 
lodin present 

It was thought advisable to parallel the thyroid feedmg experiments 
with a series in which there was given an amount of inorganic lodin equal 
to the amount of organic lodin administered in the form of thyroid 
extract The results, as here tabulated, show that so small an amount of 
inorganic lodin gives practically no change 


Number 


Treatment 

Result 

JT 47 

7 mg 

sodium lodid in six days 

No change 

JT 48 

4 mg 

sodium lodid. in six days . 

Slight increase 

JT 49 

No treatment 

Slight increase 

JT 50 

4 mg 

sodium lodid in six days . 

Decrease 

JT 61 

4 mg 

sodium lodid in six days . 

Slight increase 


Jones admmistered from 3 to 5 gm potassium lodid and still found 
some yellow colloid In the thyroid-fed animals all of the colloid gave 
a deep blue reaction This shows that lodin accumulates in the colloid 
much more readily when in a thyroid combination than as inorganic 
lodid "WTiether the accumulated lodin comes from the administeied 
material directly, or from other tissues under the stimulus of this admin- 
istered material, we have not determined Certain it is, however, that 
both commercial thyroids and inorganic lodids pioduce a similar reaction 
in the thyroid when administered to the animal p&r os Prom a studv 
of the Jones data on an lodin basis, the commercial thyroid product is 
seen to be more active with respect to production of a blue stainmg col- 
loid than one thousand times as much lodin when given as potassium 
lodid On the other hand, Jones could find no blue stainmg colloid m 
certain glands which, on analysis by the Baumann-Oswald method, gave 
some, though small, amounts of lodin The advantage of this method 
obviously IS that it is a microchemical test and is applicable to minute 
sections of thyroid, the loss of which would produce only a negligible 
effect on the unremoved portion It has the disadvantage of necessarily 
assuming the thyroid colloid to be alike throughout the various areas of 
the whole gland This, together with the fact that there is, m all prob- 
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ability, a small amoimt of lodm in the cells of the thyroid, probably 
explains the discrepancies m J ones’ data compared with the actual lodin 
content. The results in our present senes are so constant as essentially 
to eliminate this factor. 

Since there is no known method of standardization of desiccated 
thyioid preparations on any basis other than that of their lodin content, 
it IS not knoivn definitely whether hyperthyroidism can be produced 
equally well with an lodm free thyroid product The balance of opinion, 
however, is in favor of the necessity of the iodized component ® Certain 
it IS that alkali lodids administered in equivalent dosages produce none of 
the signs of intoxication seen m experimental hyperthyroidism 

Serum from thyroidectomized rabbits when injected into normal test 
animals should produce m the blood of the latter a relative deficiency of 
thyroid products, and following physical laws should cause an outflow 
from the gland colloid On the other hand, such serum might contain a 
physiological stimulus in the form of certain metabolic products which 
act specifically on the thyroid gland Whatever the mechanism, we should 
expect either a decrease in the lodin of the gland or no change, depend- 
ing on the individual ability to recuperate from the increased demands 
for thyroid secretion This is just what was found In four instances 
there appeared no demonstrable change, but in six of the animals there 
was observed a marked decrease in the lodin stain. 

A mixed serum from several normal rabbits might be expected to 
produce m a senes of normal animals any of the three possible changes 
increase, decrease, oi no change of the lodin content, dependent on 
whether the thyroid activity of the individual test animal was above, 
equal to, or below the common level of activity determined by the 
donors This was the result obtained 

The accompanying tables need but little explanation All rabbits 
marked with a common letter have received similar treatment and belong 
to the same series A mixed serum from several animals was used in 
order to reduce to a common level all individual variations 

It IS seen that of ten rabbits receiving serum from hyperthyioid 
rabbits, all show an increase of lodm except one, which was tested 
twenty-four hours after mjection This exception mdicates that twenty- 
four hours IS rather too short a time for demonstrable lodm changes to 
take place, though several gave positive tests within that time At forty- 
eight hours there were no exceptions How long the excess may be 
retained we have made no attempt to determine 

None of the rabbits receiving hypothyroid rabbit serum showed an 
increase in lodin, though in four instances there was no change, while 
the greater number showed an actual decrease 

8 Stoland, 0 O Am Jour Physiol , 1912, xxx, 37 
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Of fifteen animals receiving normal rabbit serum, four responded with 
an increase in colloid lodin, the rest have shown either no change or a 
decrease. 

All rabbits receiving the commercial desiccated thyroid per os showed 
increased lodin 

The role of the lodin in the thyroid gland is no more understood than 
that of the thyroid itself The lodin may play a role in the thyroid 
secretion roughly comparable to the iron of hemoglobin. Hemoglobin is 
a non-toxic compound Hematin, on the other hand, is quite toxic ® 


Table Showing Iodin Eesponse in Babbits Eeceiving Vaeious Seeums 


Rabbits Receiving 5 c c 
Normal Rabbit 
Seium 

Rabbits Receiving 6 c c 
Hyperthyroid Rabbit 
Serum 

Rabbits Receiving 6 c c 
Thyroidectomized 
Rabbit Serum 

No. 

Wt Gms 

Time, 

Homs 

lodin 

Response 

No 

03 

S 

Time, 

Houis 

! 

lodin 

Eesponse 

No 

Wt Gms 

Time, 

Hours 

lodin 

Response 

11 a 

650- 

48 

Increase 

3d 

835 

24 

Increase 

17 h 

650- 48 

Decrease 


900 








900 


13 a 

810 

48 

Decrease 

5e 

1700 

24 

Increase 

18 h 

650- 48 

No ch’ge 

14 a 

810 

48 

Increase 

6e 

1800 

24 

Increase 


900 


22 b 

810 

48 

Decrease 

7f 

1056 

24 

Decrease 

19 h 

650- 48 

No ch’ge 

26 b 

810 

48 

Decrease 

8f 

1015 

48 

Increase 


900 


27 b 

810 

48 

No cb’ge 

9f 

942 

48 

Increase 

20 h 

650- 48 

Decrease 

28 b 

810 

48 

Decrease 

10 f 

942 

48 

Increase 


900 


34 c 

818 

48 

Increase 

29 g 

1234 

48 

Increase 

21 h 

650- 48 

Decrease 

35 c 

720 

48 

Decrease 

30 g 

1000 

48 

Increase 


900 


37 c 

572 

48 

Increase 





23 h 

650- 48 

Decrease 

36 c 

820 

48 

Decrease 

31 g 

975 

48 

Increase 


900 


40 c 

795 

48 

Decrease 





38 1 

768 48 

No ch’ge 

41c 

907 

48 

Decrease 

32 g 

679 

48 

Increase 

39 1 

510 48 

Decrease 

42 c 

910 

48 

Decrease 

33 g 

700 

48 

Increase 

45 1 

985 48 

Decrease 

43 c 

915 

48 

Decrease 





46 1 

850 48 

No ch’ge 

44 c 

880 

48 

Decrease 









SUMMAEY 


SUMMABY 


SHMMAEY 

Total 

inc 

lodin 

4 

Total 

inc : 

lodin 

11 

Total 

inc lodin 

0 

Total 

no 

change 1 

Total 

no change 

0 

Total no change 

4 

Total dec 

lodm 

11 

Total 

dec 

lodin 

1 

Total 

dec lodin 

6 


The lodin may be so combined in the normal secretion of the gland 
as to form a phvsiological product, non-toxic in character, while in 
abnormal conditions, as in diseased thyroids or in the toxic desiccated 
glands, it may be split off into a smallei molecular grouping which may 
itself be toxic, oi may be accompanied by a non-iodized substance which 
is responsible for the toxic effects The list of possibilities is unlimited. 

9 Brown, W H Jour Exper Med , 1912, xv, No 6 
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To cairy the analogy a step farther, the therapeutic value of official 
preparations is as a hematopoietic stimulant, correspondingly it is 
observed that in certain thyroid diseases lodin possesses a marked thera- 
peutic value As non is for the most pait found in hemoglobin, so is 
the greater part of the lodm found in the thyioid, doubtless as lodothynn 
or some closely related form It is probable, then, that the increase of 
lodin in the colloid following artificial hyperthyroidism means an 
increase in organic lodin compounds of the thyroid 

Jones has shoivn that manipulative procedures, such as operations, 
and paiticularly shock, are conducive of a decrease of lodin Yet this i& 
an almost negligible factor, owing to the relatively slight trauma asso- 
ciated with a partial thyroid removal The animals are usually suffi- 
ciently recoveied within one-half hour to eat their food unconcernedly 
The fact that our manipulative procedures efiect no change in the colloid 
lodin has been controlled histologically 

Another factor which may have operated to cause a piedominance in 
lodin loss in the normal series, is the fact that we have employed only 
adult rabbits for oui source of noimal and hypothyroid rabbit serum 
Both adults and young were used in the production of a hyperthyroid 
serum and with -the same result in both cases If, as is generally sup- 
posed, the adult thyroid is normally less active than the young thyroid, 
then adult normal serum might be expected to be hypothyroid with 
respect to the plane of activity of the young rabbits employed as test 
objects It would seem advisable m this connection to control by means 
of injections of serum of young rabbits into adult test animals 

If exophthalmic goiter is to be considered hyperthyroidism with an 
excess of an iodized thyioid secretion, we ought to be able to show it by 
an appropriate modification of our methods Woik along this line is 
now in progress 

SUMMARY 

1 The relative lodm content of the thyroid colloid is determmed by 
Mallory’s connective tissue stain as applied by J ones 

2 The lodin content of the thyroid glands of rabbits serving as test 
animals was found to be increased directly by feeding commercial desic- 
cated thyroids, and indirectly, by intravenous injections of serum from 
hyperthyroid rabbits 

3 The lodin content of the thyroid gland was found to be decreased 
by intravenous injections of serum of thyroidectomized rabbits 

4 BoUowmg normal serum mjeetions, the lodin content was some- 
times increased, sometimes decreased, or remained constant indicating 
individual variations in thyroid activity 

The authors wish to express their appreciation of the kindly interest and 
criticism of Professors A S Loevenhart and C H Bunting 



THE SOHRCE OE HEIHAEY INDOL-ACETIC ACID IN TWO 
DEMENTIA PEAECOX PATIENTS'*' 


ELLISON L ROSS, PhD 

KANKAKEE, ILL 

I 

In this laboratory mdol-acetic acid has been found in 21 per cent, of 
ninety-one urines of healthy normal persons ^ Of 174 urines from 
dementia praecox patients 48 per cent contained indol-acetic acid The 
occurrence of the compound in the urine seemed to be related to a 
peculiar constitutional condition 

Hopkins and Cole- showed that B. coU, under partial aerobic con- 
ditions, would pioduce indol and indol-acetic acid from tryptophan 
Salkowski® showed that if indol-acetic acid weie given by the mouth, it 
immediately appeared in the urine Herter^ reported indol-acetic acid 
in the urine of an under-developed child suffering from an excessive and 
peculiar form of intestinal putrefaction Putting these facts togethei, 
the natural conclusion would be that indol-acetic acid in the urine is a 
result of its production in the intestine by intestinal putiefaction of 
foods containing tryptophan If this conclusion were true, indol-acetic 
acid, like indican, should be present in all urines, the quantity being 
dependent on the amount of intestinal putrefaction, and should be found 
in large quantities almost as frequently among sane as insane persons 
In testing nearly 600 urines for indol-acetic acid over 50 per cent gave 
no reaction for the compound ^ A number of qualitative tests for indol- 
acetic acid and indican have not shown a high indican content to be 
always accompanied by a high mdol-acetic acid content So the following 
questions present themselves (1) Is indol-acetic acid derived directly 
from ingested protein, and (2) is it derived from intestinal putrefaction, 
such as produces indican^ In other words, is indol-acetic acid endog- 
enous or exogenous'’ 

EXPERIMENTAL 

IJrorosein produced from mdol-acetic acid in the urine by the action 
of hydrochloric acid and a small amount of an oxidizing agent, has a 

* Preliminary Article from the Laboratory of the Illinois State Psychopathic 
Institute 

* Submitted for publication June 23, 1913 

1 Eoss Preliminary Note on Excretion of Indol-Acetic Acid in the Urine 
The Archives Int Med, 1913, xii 

2 Hopkins and Cole Jour Physiol , 19(J3, xxix, 451 

3 Salkowski Ztschr f Physiol Chem , ix, 26 

4 Herter Jour Biol Chem , 1908, iv, 239 
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bright red color It was suggested to me by the director of the labora- 
tory, Dr H Douglas Singer, that the intensity of the reaction might be 
measured with the Fleischl-Miescher hemoglobinometer It was found 
that this could be done with a degree of exactness which compared very 
well with ordinary quantitative chemical analyses 

The next problem to solve was to evaluate the units of the scale of 
the hemoglobinometer in terms of indol-acetic acid. This was accom- 
plished by extracting a large quantity of urorosein from the urine with 
amjd alcohol. The amyl alcohol solution was treated with solid sodium 
hydioxid till the red color disappeared. The solution was filtered, and 
carbon dioxid passed through the filtrate till no more precipitate was 
formed This solution was filtered and evaporated to dryness at room 
temperature The residue was thoroughly washed repeatedly with ether, 
chloroform and xylene The residue was then dissolved m ethyl alcohol, 
filtered and made up to a volume of 100 c c in a measuring fiask 
Measured volumes of the solution were run through the Kjeldahl method 
for nitrogen Measured volumes were evaporated to drjmess and the 
residue dissolved in measured volumes of am 3 d alcohol which had been 
saturated with HCl containing sufiScient sodium nitrite to bring a 
maximum color This red solution was then put into the 13 mm 
chambei of the hemoglobinometer and the readings taken, using electric 
light as the luminant A number of these determinations were done 
and the averages calculated These averages and the empirical formula 
of indol-acetic acid, gave sufficient data to calculate the value of a single 
unit on the scale of the Meischl-Miescher hemoglobinometer in terms of 
indol-acetic acid The result was that each hemoglobinometer scale unit 
indicated 0788 milligrams of indol-acetic acid corresponding to the 
urorosein mice of the amyl alcohol solution 

Empirical Method of Determining Indol-Acetic Acid Twent}^-five 
c c of uime were clarified with 5 c c of basic lead acetate® and filtered 
Twenty c c of concentrated hydrochloric acid and 5 drops of 0 3 per cent 
sodium nitrite were added and shaken for five minutes The amyl 
alcohol was let out into a filter from which the hemoglobinometer 
chamber was filled The Eleischl-Miescher hemoglobinometer with the 
13 TTim chamber was used An electiie light was employed as the lumi- 
nant Using the scale unit value of the hemoglobinometer as determined 
above, the total indol-acetic acid in the urines collected each day was 
calculated The whole process was carried out as rapidly as possible 
Ten readings were made on each determination 

5 The basic lead acetate was made up by the ofBcial methods of the chemists 
of the U S Department of Agriculture and then diluted with 2% volumes of 

water 
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I do not claim this method to determine absolutely all of the indol- 
acetic acid of the urine, nor the standardization of the scale units of the 
hemoglobinometer to be perfect. More work to this end is being done in 
this laboratory. It is, however, claimed that the method is accurate in 
determming the relative amounts in different urines These points 
should be kept in mmd in the consideration of the values given in the 
accompanying tables : 


TABLE 1 — Indol- Acetic Acid and Indican Excketion Pee Day 


Date^ 

Pofi^anf 'M’ P 

Pntipnf AT O'R 





Indol-Acetic 
Acid in 
Milligrams 

Indican in 
Milligrams 

Indol-Acetic 
Acid in 
Milligrams 

Indican in 
Milligrams 

May 15 





16 

79 51 

t 

53 78 

f 

17 

78 45 


46 39 


18 

97 97 


64 75 


19 

161 11 

16 88 

97 36 

11 90 

20 

17197 

56 28 

79 61 

53 52 

21 

121 52 

47 36 

86 97 

35 51 

22 

124 49 

60 34 

85 48 

55 71 

23 





24 

81.33 

35 66 

99 73§ 

17 76§ 

25 

111 97 

30 07 

76 53 

18 85 

26 

167 64 

28 27 

123 30 

15 38 

27 

198.25 

8 41 

119 47t 

4 33f: 

28 

98.39t 

25 64t 

65 73 

9 25 

29 . 

97 46 

38 70 

57 73 

19 18 

30 

72 45 

56 38 

79 31 

29 39 

31 

1 

102 40 

46.44 

98 48 

26 75 


* Horizontal lines divide the periods May 15 and 23 the losses were too 
great for determinations to he made 

t Not accurately determined 

$ Indicates the loss of one or more urinations , in this instance the loss of 
one urine out of nine These values are computed by multiplying the results 

Total urinations 

on the urine collected by the fraction 

Total urinations collected 

§ Loss of two urines out of six 

The method of determining the amount of indican excreted was that 
of Ellinger as described by Dr P. B Hawk ® 

6 Hawk, P B Text-Book of Practical Physiological Chemistry, Edition 3, 
p 387 
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Deteimmations of mdol-acetic and indican were made on each twenty- 
four-honi specimen as soon as collected Duplicate determinations were 
made in each case 

The subjects of this test were two women patients in the Kankakee 
State Hospital Both were classed in the dementia praecox group Both 
patients at the time of the test seemed to be in perfect physical condition 
Their body weights were neaily the same, each being between 100 and 
110 pounds During the test the patients were given a walk of nearly 
two miles each dav. 


TABLE 2 — Indol- Acetic Acid and Indican Excbetion Pek Day 




Pnfifinf U n’R 

Period 


. A ^ 



Indol-Acetic 
Acid in 
Milhgrams 

1 

Indican in 
Milligrams 

Indol-Acetic 
Acid in 
Milligrams 

Indican m 
Milhgrams 

Tryptophan-free diet 
Period I 

104 26 

Lost 

65 57 

Lost 

High protein diet 
Period II 

139 33 

54 66 

84 02 

48 25 

Near protein-free 
diet Period III 

139 79 

25 58 

104 76 

14 08 

High protein diet 
Period IV 

92 67 

41 79 

75 31 

2114 


The plan of the work was to determine the amounts of indol-acetic 
acid and indican excreted in the urine in twenty-four hours, while being 
nourished, first on tiyptophan-free diet, second on a high protein diet, 
third on a non-protein diet, and fourth on high protein diet supplemented 
with agar to insure frequent bowel movements The diet of the first 
period of four days consisted of corn-starch, tapioca, butterine, sugar, 
beef extiact, gelatin, tea and coffee The food of the second period of 
four days consisted of eggs, beefsteak, cheese in large amount, ham, oat- 
meal, a little potato, toast, coffee and tea The food of the third period 
of four days was made up of corn-starch, tapioca, sugar, butterine, salt, 
very little beef extract, coffee and tea The diet of the fourth period of 
five da 3 ^s consisted of eggs, beefsteak, oatmeal, potatoes (small amount), 
toast, coffee and tea Eoughly calculating the protein intake during the 
second and fourth periods it was at least 120 gm per day, and for the 
third period not over 5 gm per day per person 
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The results of the analyses for indol-acetic acid and indican for the 
test are shown in Table 1. 

It will be noted from the preceding table that it took one day after 
each change of diet for the indican output to be modified by the difference 
in diet It IS thought, therefore, that the results of the different diets 
will be most truthfully shown in the average of the daily output of the 
periods, including the first day aftei each change of diet in the preceding 
period The results are as shown in Table 3 

The indican output was proportional to the protein ingestion, as 
would be expected On the contiary, the indol-acetic acid output appar- 
ently did not vary directly with anything It will be noted that the 
percentage of variation in the indol-acetic acid excretion was very small 
considering the extreme variations in diet In view of this, it is sugges- 
tive that urinary mdol-acetic acid excretion is more or less constant for 
the individual in a similar way to that of cieatinin 

CONCLUSION 

Urinary mdol-acetic acid in the case of these two patients was 
endogenous 



CULTUEAL EESULTS IN HODGKIN’S DISEASE 


C H BUNTING, MD, and J L YATES, MD 

MADISON, WIS 

The publication at this time of the result of our endeavors to cultivate 
an organism from the tissues of patients with Hodgkm’s disease is 
occasioned by the publication by Negri and Mieremet^ of the successful 
cultivation from two cases of Hodgkm’s disease of a diphtheroid organism 
which they designate as the Corynebacterium granulomaUs maligm 

While Hodgkin’s disease, or malignant granuloma of the lymphatic 
apparatus, has of late years come to be generally regarded as of infectious 
nature, the etiological agent has remained undetermmed The work in 
this country of Eeed- and of Longcope® showed definitely that the con- 
dition was independent of tuberculosis, and that the theory supported 
by Sternberg^ that it was a manifestation of the activity of the tubercle 
bacillus could not be mamtamed 

In 1900 Eraenkel and Much® reported that by treating Hodgkin’s 
nodes with a strong alkalm solution of sodium hypochlorid (antiformin) 
they had found m the sediment, m twelve out of thirteen cases, certam 
granular, Gram-stammg, but non-acid-fast bacilli, which they considered 
to be non-acid-fast tubercle bacilli, ^^possibly identical with the ordinary 
tubercle bacillus,” but ^^more probably a special form of the tubercle 
virus,” or at least ^Tielonging to a related group of organisms ” 

In the present yeai Negri and Mieremet^ have reported the successful 
cultivation on Bordet’s medium (blood-glycerm-potato-agar), from two 
cases of Hodg ki n’s disease, of an organism which falls within the diph- 
theria group and further agrees m morphology with the forms described 
by Eraenkel and Much The organism is a non-acid-fast, Gram-stammg 
bacillus, growmg luxuriantly at body temperature, and is a facultative 
anaerobe Perhaps its most striking feature is its pleomorphism The 
organism showed such variability m form that it was only after isolation 
of a single organism and cultivation of it that the authors were satisfied 
that they were dealing with a pure culture In various media the follow- 

* Submitted for publication June 5, 1913 

* From the Pathological Xaboratory of the University of Wisconsin 

* Paper read before the Association of American Physicians, May 7, 1913 

* This work has been aided by a grant from the Eockefeller Institute for 
Medical Eesearch 

1 Negri and Mieremet* Centralbl f Bakteriol , 1913, Irviii, 292 

2 Eeed Johns Hopkins Hosp Eeps , x, 133 

3 Longcope Bull Ayer Clin Lab , 1903, No 1 

4 Sternberg Ztschr f Heilk , 1898, xix, 21 

5 Fraenkel and Much Ztschr f Hyg, 1910, Ixvii, 159 
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mg forms were found: Plump, short rods, some so short as to resemble 
cocco-hacilli, these latter forms predominating or being exclusively found 
in old cultures, small thin bacilli with polar-staining ; comma-shaped 
bacilli, granular rods of variable size, often of considerable length, 
branchmg forms, and on all media, club-shaped involution forms and 
large spherical forms This organism is resistant to antiformin and the 
authors consider it identical with the organism described by Fraenkel 
and Much 

In a study of Hodgkin’s disease, extending over the past five years, 
we have made various attempts to secure cultures from material removed 
at autopsy and at operation The first attempts were made with ordinary 
media, and were unsuccessful In Case 9 of our lepoited senes,® cultures 
were made at operation, in October, 1910, by planting portions of lymph- 
nodes in bouillon, but apparently m this case there was a complicating 
infection, as only a streptococcus growth was obtained In Case 5 of the 
series, attempts were made to secure cultures from the enlarged 
mesenteric nodes at autopsy, in January, 1912, but post mortem invading 
organisms completely overgrew the media 

After these failures, it was felt that special media must be used, and 
as at this time we felt from certain observations that the organism was 
probably one of the higher forms of bacteria, if not a fungus, media 
appropriate to the giowth of these organisms was selected Dorset’s egg- 
medium and glycenn-phosphate-agar were first tried The first oppor- 
tunity for their use came in an operation by one of us (J L Yates) for 
the removal, on Feb 13, 1912, from a woman patient, of a large group 
of cervical lymph-nodes 

The essential points in her history are as follows 

Case 1 — Female, -white, age 33 When first seen in Octobei, 1911, the patient 
showed in the right side of hei neck a group of enlarged, discrete, lymph-nodes 
extending from the mid-clavicular region upward in the posterior triangle prac- 
tically to the attachemeiit of the sternocleido-mastoid This group of nodes 
had shoivn progressive enlaigeraent during the year pievious Except for one 
small node below the clavicle on the right side and a rather laige gland in the 
right axilla, no further enlargement of lymph-nodes was noted at this time The 
spleen was not palpable The tonsils were enlarged Octobei 10, a \on Piiquet 
test and a Wassermann reaction weie both negative October 23 the large axil- 
lary node was removed foi diagnosis In section it showed hypeiplasia of 
lymphoid and of endothelial elements with giant cells of the endothelial type 
and of the megalokaiyocyte type, disappeaiance of the architecture of the node, 
and a beginning diffuse selerosis and maiked eosinophilic infiltiation December 
11 tonsillectomy was done, and Feb 13, 1912, the luge group of lymph-nodes in 
the right side of the neck with the inteivening sclerotic tissue, was removed en 
masse 

After removal the group of nodes was incised, and, with the observation of 

the strictest aseptic technic, portions of the nodes and of the interglandular tissue 

were planted on the surface of slants of the egg-medium and of the glycerin- 
\ 

6 Bull Johns Hopkins Hosp 1911, xxii, 368 
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phosphate agar The tubes were sealed with paraffin and incubated at 37 C 
The tubes were apparently sterile at the end of ten days’ incubation, but they 
were left undisturbed in the incubator, and at the end of three weeks’ time a 
slight groivth was noted on one tube March 12, two of the egg tubes and one 
tube of glycerin-phosphate agar showed pure cultures of a diphtheroid organism, 
with many clubbed-shaped involution forms, with gianular and barred rods and 
evidently blanching filaments The organism vas Giam-staining 

Subcultuies veie made fiom the original tubes on blood-serum egg, glycerin, 
agar, and the oidinaiy media The organism pioved to be a rather feeble gronei 
undei the conditions under which its giowth was attempted at that time On 
blood serum in twenty -four houis there were obtained the chaiactenstic shining, 
opaque, white colonies On agar the giowth was slow, the streak at first being 
of a giayish, glistening, translucent appearance, becoming more opaque with 
age In bouillon there was a scanty groivth wdiich gradually settled to the 
bottom as a somewhat slimy precipitate No turbidity of the medium occuiied 
Milk was not coagulated Its reaction Avas changed but little if any 

The growth was tested on guinea-pigs, and Avhile tlie results Avere unsatis 
factory in a sense, it AA’as determined that the animals aaouM suiaiab inocula- 
tion with a heavy dosage of a twenty-four-lioui culture for ten days at least 
Through an accident this culture was lost before thoiough testing of it could 
be done 

Further opportunities for obtaining cultures weie not obtained until Janu 
ary, 1913, Avhen, through the kindness of Dr W J Mayo and the cooperation 
of his staff, the courtesies of the clinic at Rochester aacic extended to us 

On tTan 9, 1913, cultuies weie made fiom a ceivical gland lemoved 
loi diagnostic purposes fiom a patient with the iollowing liistoiy 

Case 1 — Female, white aged 34 years Four j eai s pi eviously she noticed 
a swelling on the right side of liei neck, followed by the appearance of otliei 
small tumors Ten months before date enlarged hmph-nodes appeared on the 
left side of the neck and in the right axilla Six weeks previously nodes appealed 
in the left axilla Physical examination revealed, in addition to these nodules, 
a mediastinal mass, a six months’ pregnancy, over aa’IucIi were felt discrete 
firm nodules Avhich slipped under the examining hand Nose and throat exami- 
nation revealed a hypertrophic rhinitis, causing some nasal obstruction and also 
enlarged tonsils Red blood-cells, 4,480,000, leukocytes, 12,400 

Pathology of Node — The test node shows mici oscopically loss of aiclutecturc, 
with lymphoid and endothelial hyperplasia, the presence of many endothelial giant 
cells, a beginning fine sclerosis and eosinophilic infiltiation Theie is slight inva 
Sion of the capsule 

Pieces of the gland A\ere planted on egg medium and on Loeffler’s blood seium 
The tubes were sealed and incubated On January 17 one egg-tube showed the 
characteristic clubbed and granular diphtheroid foims seen in the first culture 
but associated with a groAvth of B suiUlis One serum-tube showed a pure cul- 
ture of the diphtheroid oiganism, and one serum tube showed the presence of a 
white staphylococcus Three othei tubes were sterile 

Subcultures of the diphtheroid organism w’ere made fiom the seium tube on to 
other media, particularly egg-medium, glycerin-phosphate agai and plain 
agar The groAvth proved to he luxuriant on these The top of the streaks 
had a grayish glistening appearance, while the loAver part of the streaks 
were at first of an opaque white appeal ance, gradually assuming a slight yellow- 
ish color, deepening in veiy old cultures, as glycerin-agar, to a broAvnish Smeais 
from the older cultures shOAved such a pleomorphism, and there were so manA 
coccoid forms it was at fiist thought we were dealing with a mixed culture of 
bacillus and coccus It was only after giowth of many generations on egg 
medium, on which the culture is of a pure bacillary type during the first 
tAventy-four hours, and after shaking the culture with sand and plating from a 
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further dilution, which gave colonies of a uniform and characteristic type, that 
we became assured we were dealing not with a s3Tnbiosis of coccus and bacillus, 
hut with a pleomorphic organism 

A third successful cultivation was made Feb 15, 1913, from a cer- 
vical IjTuph-node from the following case from the Mayo Clinic 

Case 3 — ^Married female, white, aged 38, with marked enlargement of the 
cervical nodes and rather general glandular enlargement The illness began with 
involvement of the cervical glands tivo years previous to date 

The node removed for diagnosis showed extreme sclerosis, but with scattered 
alveoli-like areas in which the characteristic elements of the Hodgkin’s lymph- 
node, the endothelial cells, giant cells and lymphocytes were preserved Eosino- 
philic infiltration was well marked 

After one week’s cultivation there were secured from two tubes, one of 
Loeffler’s serum and the other of egg-medium, a pure culture of a diphtheroid, 
pleomorphic organism apparently identical with that secured from the previous 
case, showing the same cultural characteristics It was put through the same 
procedure to determine the purity of the culture and gave the same result, that 
IS, after shaking with sand and diluting and plating, all the colonies on the 
plates were of a uniform character 

In the mterval between the last two cases, attempts were made to 
secure cultures from two othei cases, but they resulted less successfully 
The first of these attempts was at a post-mortem, Jan 15, 1913, on the 
following case 

Case 4 — Female, white, aged 50 jeais (patient of Dr Reeves of Albany, 
Wis ) The glandular swelling had first appeared in the left cervical region two 
years before The cervical group of Ijnnph-nodes had been removed about six 
months previous to the patient’s death At the post-mortem examination there 
was found rather general glandular involvement, but especial enlargement of the 
mesenteric and retroperitoneal nodes and of the lymphoid elements of the spleen 
There was also a chylous ascites, well marked anemia and emaciation Old 
pleural scars were noted at the pulmonary apices and one calcified focus in a 
bronchial lymph-node No other signs of tuberculosis were seen 

Microscopically, the abdominal lymph-nodes showed a well-marked hyperplas- 
tic Hodgkin’s disease picture with beginning diflTuse sclerosis, while the splenic 
lesions showed a more advanced sclerotic condition 

On one LoefSer serum-tube, in which was planted a piece removed from the 
interior of the spleen, there was noted a growth on the tissue itself of typical 
polar-staining diphtheroid organisms, but for some reason imascertained, they 
would not “catch on” to the medium, and attempted subcultures from scrapings 
of the tissue on both the egg-medium and on serum proved negative 

The second case was the following fiom the Mayo Clinic, Jan 31, 
1913 

Case 5 — ^Male, white, aged 33 The patient had had an abscess of a tooth six 
months previously About three weeks before coming to the hospital patient 
had noticed a painless swollen node in the left supraclavicular region This had 
increased in size during the time of observation The large node removed was of 
a imiform medullary appearance on gross section, and microscopically showed 
lymphoid and endothelial hypeiplasia, with the presence of giant cells, beginning 
diffuse sclerosis and eosinophilic infiltration The architecture of the node was 
destroyed 

Unfortunately for the success of cultural investigation this gland had been 
handled and incised before the plants on the media were made Four days after 
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incubation of tbe tubes was begun, there was found on one of the serum-tubes a 
growth of the typical diphtheioid organism, but in association with a coarse 
bacillus of the B suhtihs type As at this time oui effoits ueie being diiected 
to the elimination of the supposed coccoid contamination of oui second culture, 
no attempt was made to separate the diphtheroid oiganisni fiom this last mi\ed 
culture 

While we have made no systematic attempt to find the oiganisni 
described in histological preparations from the nodes of Hodgkin^s disease 
patients, one case should be recorded as of interest m connection with 
the cultural results Portions of the organs from a girl of 6 years, a 
patient of Dr. Ogden of Milwaukee, who died in a severe vomitmg attack, 
were received in the laboratory The Peyer’s patches of the mtestine 
and the mesenteric lymph-nodes showed the changes of early Hodgkm^s 
disease, which from clinical and post mortem evidence must have been 
primarily mtestinal in origm On staming the sections by the Gram- 
Weigert method, the only organisms found, save foi the surface intestinal 
bacteria, were groups of polar- and granular-staining diphtheroid organ- 
isms lying deep within the enlarged Peyer’s patches 

SUMMARY OP OULTUBES 

To summarize our cultural results In three cases of Hodgkin’s 
disease we have secured a pure culture of a pleomorphic diphtheroid 
organism In two other cultural attempts the organism was recognized, 
but was not secured in pure culture, and in a sixth case a similar organ- 
ism, morphologically, was stained m the lesions of a primary mtestmal 
Hogkin’s case 

The detailed biological reactions of this diphtheroid organism have 
as vet not been completely worked out by us The stiam recovered from 
the second case, however, has been found to glow readily at 37 C on tbe 
media used to secure the cultures and on ordinal y agar-agar On 
glycerm-phosphate-agar the growth is almost as luxuriant under stnet 
anaerobic as under aerobic conditions Por luxuriant growth, marked 
moisture of the medium seems necessary On a relatively dry medium, 
growth is slow, and the organisms are found to develop as the long forms, 
granular, banded, and with many club-shaped involution forms Branch- 
ing forms are also noted These forms are especially well developed 
on the egg-medium, where they also seem to have a tendency to cohere, 
so that in stamed smears one gets many small groups of organisms 
radially arranged, with clubbed peripheral elements, somewhat suggestive 
of a minute aetinomyces colony, as seen in section On moist serum 
tubes with luxuriant giowth, the organisms are short and plump, with 
polar staining Many of these forms are coccoid We have noted also, 
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as emphasized by Negri and Mieremet, that in all old cnltnres coccoid 
forms predominate, and also that large spherical involution forms are 
present A colony or a streak, which at twenty-four hours shows entiiely 
the bacillary form, will twenty-four or forty-eight hours later show an 
apparent outnumbering of the bacilli by the coccoid elements 

The organism stains by the Gram method, though the short plump 
forms hold the dye less strongly than the longer bacillary forms It is 
not acid fast No spore formation has been noted 

The growth of the organism is at first glistening and grayish, but 
becomes more opaque and of a white color Apparently, depending some- 
what on the reaction of the media, there may be m some early cultures 
a slight greenish-yellow tint produced Old cultuies on glycerin- 
phosphate-agar become brownish, and the media itself darkens 

Gelatin is not liquefied There is no early change in reaction in 
litmus milk Bouillon is not clouded by the growth. Meeks appear 
along the side of the tube, and a slimy deposit gradually accumulates at 
the bottom 

Plate cultures show a lounded colony with quite regular edge, a fine 
stipplmg of the growth and a central dark spot The colonies are of a 
glistenmg gray color at the end of twenty-four hours, becoming gradually 
of an opaque white color 

Altogether, our studies thus far seem to mdicate that we are dealmg 
with the same organism described by Negri and Mieremet, and while our 
results taken with theirs cannot be said to indicate positively that we are 
dealing with the cause of Hodgkin^s disease, yet they are strongly sug- 
gestive The morphological elements obtained by Fraenkel and Much 
by the antifornun method m twelve out of thirteen cases are so similar 
to the organism cultivated by us that we find added support m their 
findmgs to the importance of the organism in the disease TJltimate 
proof can come only from an extended series of cultures, or from animal 
experimentation The latter test is now in progress m this laboratory 
with a variety of animal species Should the relation of the organism 
to the disease be established, we would suggest Gorynebacteivum Hodghim 
as a more appropriate name for the species than the trinomial designation 
suggested by Negri and Mieremet 

Although the utmost efforts were made to prevent carrying m organ- 
isms from the skin, when removing nodes for cultural investigation, in 
almost every case studied, one or more tubes have shown the presence of 
a white staphylococcus This, when taken m connection with the poly- 
morphonuclear leukocytosis, which occurs late m the disease, has sug- 
gested that possibly a secondary infection plays a part in the development 
of the disease This feature also needs further investigation 
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ADDENDTJil 

Aftei this paper was placed in the hands of the publishers, the opportunity 
presented to make cultures in another case of Hodgkin’s disease from a patient 
in the charge of Dr Frank Billings of Chicago The essential points in the 
patient’s history are as follows 

Male, white, aged 32 Loss of weight since Jan 1, 1913 During a period of 
SIX weeks before date of examination (April 23, 1913) gradual enlargement of 
the nodes in the neck and gioin and to some extent in the axillae was noted On 
examination there was found moderate enlargement of the tonsils, cervical, 
axillary and inguinal nodes and a firm, palpable spleen 

April 28, blood-count was, BBC, 4,150,000 , W B C , 4,150 Hgh , 70 pei 
cent (Dale) Apiil 28 a node from the left side of the neck vias removed by Dr 
Dean Lewis This showed on section endothelial pioliferation with endothelial 
giant cells, some fine diffuse sclerosis and but little eosinophilic infiltration 

May 7, Dr P B Moorehead extracted light upper first molar and second 
bicuspid teeth, finding a large amount of granulation tissue aiound the roots, and 
along the lingual root of the molar an abscess cavity about 1 cm m length con- 
taining pus of foul odor Unfortunately, no cultures were made 

May 29, with the observation of the strictest precautions to prevent contami- 
nation, Dr Lewis removed a node from the left cervical region, and one from the 
right inguinal region 

In the laboratory of Dr E C Rosenow, and with his assistance, which is 
gratefully acknowledged, pieces of these nodes were planted on Loeffler’s serum, 
egg-medium, blood-agar and serum-glucose agar Other portions or the nodes 
were giound in a sterile mortar and the emulsion planted on tubes of the media 
mentioned 

From these plants growth of the diphtheioid organism vas obtained in pure 
culture on Loeffler’s serum from both the cervical and the inguinal nodes where 
solid pieces of the node were used The oiganism was also obtained from the 
cemcal node, where the emulsion was planted, but with a contaminating pigment- 
producing air oiganism 

Dr Rosenow reports positive results from tlie cervical node on blood-agai 
slants, aerobic and anaerobic, and from the depths of one tube of serum-glucose- 
agar From the inguinal node two colonies developed in the depths of the 
serum-glucose-agar tube 
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Digestion and IVIetabolism The Physiological and Pathological Chemistiy of 
Nutrition Foi students and physicians By Alonzo Englebert Taylor, MD 
Rush Professor of Physiological Chemistry, University of Pennsylvania, Phila- 
delphia Octavo, 560 pages Cloth, $3 75 net Lea & Fehiger, Philadelphia 
and New York, 1912 

The medical profession of Ameiica owes Dr Tayloi a debt of gratitude foi 
making available to those who read only English the vast extent of chemical 
knowledge of the piocesses of digestion and nutrition which he has put between 
the covers of his book The general plan of the work, the sequence of the chap- 
ters, the completeness with which he has treated each subject, and the vigorous 
and positive style which Dr Taylor always has at his command, all contribute 
to make it a noteworthy text-book To the reviewer the systematic use of full 
chemical formulas throughout the book seems especially commendable They 
conduce to visualization of the actual chemical processes described and, therefore, 
educate the reader to think chemically, a much needed ability for the modern 
physician 

With so much that is admirable to piaise, it seems ungracious to ask for more, 
yet the reviewer cannot but regret profoundly that Dr Taylor was content to 
produce only a text-book That he did this advisedly, he says in his preface, and 
that after one-third of the work was completed as a book of reference Only 
then did he determine to omit all statement of his authorities and his bibliog- 
raphy Had he contined as he began, the book would have been of the utmost 
value to American medical science, which is becoming especially strong in the 
held of physiological chemistry, and would have supplemented in a welcome man- 
nei Lusk’s Science of Nutrition Only in Ameiica would a man of Professor 
Taylor’s learning think of producing a work of this magnitude in the form of 
a student’s text-book It is far too exhaustive and detailed to meet the need 
only of learners, and it is to be hoped that Professor Taylor may be persuaded 
to add his references in a future edition, in order that the usefulness of his 
w’^ork may extend to his fellow-investigators as well Even for the American 
student, separated as he is from contact with foreign investigators, it is most 
desiiable that he should become familiar with their names and their contributions 
to the knowledge which is handed on to him for use 

In certain details the lack of citation of authority is paiticularly felt On 
pp 239-240, in a rather inadequate discussion of the formation of sugai fiom 
amino-acid, this is true The statement that the human diabetic gets two oi 
three times the amount of sugar from protein that the normal body does, cannot 
be accepted without a fuller discussion On page 259 one finds this statement 
“The ingested sugar must in these cases be burned, if resorbed, since there is no 
glucosuria and, therefore, no hyperglucemia Typical instances of acute 
exophthalmic goiter seems to behave in the same way ” As a matter of fact, the 
investigation of the blood sugai in exophthalmic goiter is revealing hyperglucemia 
AVith great fiequency The reviewer would have been much indebted to Professor 
Taylor for his leferences to these typical acute cases On page 264 he states 
“We know that when the pancreas is removed the muscles cannot burn glucose 
properly This positive fact is far more fundamental than the negative results 
of test-tube experiments with extracts of muscle and pancreas ” Unfortunately 
there is at present much uncertainty about this fundamental “positive fact,” 
which has recently been denied by \on Noorden Though few would agree vnth 
the latter’s views, they do not make definite statement desirable, without full 
discussion and references to the sources of knowledge on the subject Also, on 
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page 271, reference is made to the piesence of acetone in the blood This is 
nsually denied 

However, the whole discussion of the combustion of glucose is written in a 
most interesting way, as is the chapter on ferments. Professor Taylor’s special 
interest The present state of knowledge in each field is well presented, and the 
information, as far as can be judged without a statement of sources, is accurate 
No one, student or investigator, can read the book without real pleasure and 
gieat profit, and it is to be hoped that many will be induced to Some errors 
demand correction in the next printing On page 47, “arginin” is spelled 
“argemn ” On page 248 the equation “glucose + w'ater = glycogen” is reversed 
On page 265 “intestinal secretion” should be “internal secretion” Professor 
Taylor also coins some w'ords to which the reviewer objects, especially “input” 
for intake But these are insignificant ciiticisms of a book which has been read 
with unusual interest 
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THE EELATION BETWEEN NON-PROTEIN NITROGEN 
RETENTION AND PHENOLSULPHONEPHTHALEIN 
EXCRETION IN EXPERIMENTAL DRANIUM 

NEPHRITIS ' 

C FEOTHINGHAM, JE, MD and E FITZ, MD 
OTTO FOLIN, PhD, and W DENIS, PhD 

BOSTON 

One of the important problems in connection with the study of 
nephiitis IS the determination of the ability of the kidneys to remove 
the metabolism products which normally find their way into the urine 
Three different lines of investigation have been pursued in the study of 
this problem, namely, (a) mine analysis, the diiect determination of 
uiinaiy constituents, nitiogen, uiea, ehlorids, etc, (b) blood analysis, 
the determination of similar products in the blood, particularly the so- 
called uncoagulable nitrogen and the urea, (c) the determination of the 
ability of the kidney to eliminate certain foreign substances, such as 
potassium lodid or dyes, indigo-carmin, rosanilin, phenolsulphone- 
phthalein, etc 

The first of these lines of investigation, urine analysis, has contributed 
very little, except in i elation to the elimination of ehlorids and water 
To anyone familiar with the uncertainties and variations as well as the 
difSculties involved in nitrogen equilibrium experiments, this lack of 
definite results is by no means strange 

Investigation of the nitrogenous products retained in the blood in 
nephritis seemed from the beginning the most direct as well as the most 
promising point of attack, except for the great difficulties involved in 
determining the nitrogenous waste products in such a complex and highly 
nitrogenous fluid as blood Accordingly, very little exact information 
IS as yet available with regard to the relation between the accumulation 

^Subnntt^d for publication April 14, 1913 

*From the laboratories of the departments of Theory and Practice of Physic 
and Biological Chemistry, Halyard Medical School, and the Medical Clinic of 
the Peter Bent Brigham Hospital Boston 
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of waste nitrogen in the blood and various stages and kinds of nepliiitis, 
although the literature on the sub 3 ect is very voluminous ^ 

Studies of renal efficiency by means of various foreign substances, 
particularly dyes and indicators, have one gieat advantage in that they 
offer an almost unlimited scope for selection with refeience to harmless- 
ness, ease of estimation and the leadiness with which the substances are 
eliminated by the kidneys The chief drawback attached to this line of 
work lies in the mteipretation of the results obtained, for it is quite 
conceivable that the rate with which tlie kidneys eliminate any one such 
foreign substance may have no definite relationship to the efficiency of 
the kidneys with reference to metabolism products By far the most 
serviceable substance as yet introduced in this field is phenolsulphone- 
phthalem ^ In this paper will be found a review of the earlier literature 
on the subject The numerous observations recorded by Eowntiee and his 
associates on the speed with which phenolsulphonephthalem is eliminated 
by normal as well as by nephritic kidneys seem to show that the elimina- 
tion of this substance when injected intramuscularly is indeed a valuable 
mdex to the general efficiency of the kidneys The observations have 
been confirmed by several other investigators ® 

The desirability of correlating the elimination of this substance with 
the actual retention in the blood of nitrogenous waste products is self- 
evident Rowntree and Fitz^ have already attempted such correlation, 
but so long as no reliable method existed for the determination of the 
urea and non-protein nitrogen in the blood the results obtained must 
necessarily remain obscure and uncertain By means of the new methods 
of Folin and Denis^ it is possible to determine with the necessary 
accuiacy both the total non-protein nitrogen and urea in the blood® 
These methods have the added advantage that only small quantities of 
blood (2 to 5 c c ) are needed, thus making possible a continuous study 
of experimental nephritis in ordinary small laboiatory animals, such as 
cats and rabbits 

For the work described in tins paper we have used rabbits in whom 
acute nephiitis was produced by means of a single dose of uranium 

1 Strauss die chronischen Nierenentrundungen, 1902, Widal Compt 
rend Soc de biol , 1904, p 301 , Obermayer and Popper Ztschr f klin Med , 
1911, Ixxii, 332, Hohlweg Deutsch Arch f klin Med, 1911, civ, 216, Nellis 
Foster The Abchiyes Int Med, 1912, x, 414, Folin, Karsner and Denis Join 
Exper Med , 1912, xvi, 789 

2 Kowntree and Geraghty Jour Phaimacol and Exper Tlierap , 1910, 

1, 579 

3 Sehrl Zentrlbl f Chir , 1912, No 33, p 1121, Deutsch Wien klin 
Wchnschr, 1912, No 32, p 1217, Autenrieth and Funk Munchen med 
Wchnschr, 1912, No 49, p 2657, Eine Munchen med Wchnschr, 1913, No 
10, p 510, Eisenbrey Jour Exper Med, 1911, xiv, 462 

4 Rowntree and Fitz The Akchives Int Med , 1913, xi, 258 

5 Folin and Denis Jour Biol Chem , 1912, xi, 527 

6 Folin and Dennis Jour Biol Chem , 1913, xiv, 31 
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nitrate (from 1 25 to 3 mg ) given subcutaneonsly Two series of 
expel iments were made In the first series the animals were killed 
(under anesthesia) by bleeding fiom the caiotid arteries They were 
killed on consecntive days from one to ten days after the admmistration 
of the nranium nitrate in order to secure histological record of the 
pathological lesions in the kidney, and to determine their relation to the 
non-protein nitrogen in the blood and the urinary tests at different 
stages of the nephritis In these experiments the blood was analyzed 
only on the day that the animals were kiUed In the second series of 
experiments the animals were allowed to recover, and blood analyses as 
well as phenolsulphonephthalem tests were made periodically The blood 
in these experiments was obtained from the veins of the ear Because 
of the small quantity of blood taken each time (2 to 3 c c ) no reduction 
in the hemoglobin of the animals was observed as a result of the frequent 
bleeding 

Ifiie rabbits were kept in cages of moderate size so that they could 
move around easily They were fed with carrots and hay, and except 
for a few days at the height of the nephritis, each rabbit consumed about 
100 glams of carrot per day Just before the in 3 eetion of the phenol- 
sulphonephthalein solution (Ice containing 6 mg of the indicator) 
into the muscles of the thigh each rabbit was given 50 c c of water by 
means of a stomach tube The animal was kept in a smaU cage over a 
glass funnel, to prevent loss of urine, for seventy minutes and the bladder 
was then emptied by means of massage One-half of the urine so 
obtained was diluted to 500 c c , rendered alkaline and its phenolsul- 
phonephthalein content was determmed colonmetrically, using 1 c c of 
the original phenolsulphonephthalem solution, diluted to one liter, as a 
standard The determination was made exactly as described by Rown- 
tiee and Geraghty,^ using their modification of the Autenrieth-Konigs- 
berger colorimeter The other half of the urine was used in connection 
with the examination for casts and tests foi albumin Nitric acid was 
used throughout for the albumin tests 

The kidney tissues were preserved for the histological exammation 
(a) in Zenker’s solution, (b) in formalin (10 per cent ), and were then 
stained (a) with eosin and , methylene blue and (b) with schailach R 

The blood of normal rabbits contains about 30 mg of total non- 
piotein nitrogen and about 13 mg of urea nitrogen per 100 gm The 
phenolsulphonephthalem excretion m such rabbits amounts to 60 per 
cent or over in sevent^^ minutes when 6 milligrams are injected under 
the described conditions 


7 Eowntree and Geraghty The Abcheses Ixt Med 1912, ix 284 
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EXPERIMENTS 

Experiment 1 — ^Rabbit 618® Urine normal Died® on the first day after the 
administration of the uranium nitrate (Acute pulmonaij’^ edema ) 

First day (wt 1,520 gm ) Phenolsulphonephtlialein e\cietion 70 per cent 
Administered 3 mg luanium nitiate 

Second day (wt 1,535 gm ) Plienolsulphonephthalein excretion 30 per cent 
Urine albumin tiace, epithelial cells but no casts 

Blood non-piotein nitrogen (per 100 gm ) 41 mg 

Blood urea nitrogen (per 100 gm ) 13 mg 

Histological Findings Glomeiuli sliglitly congested lubules negative, no 
excess of fat 

Expel imcnt 2 — Rabbit 520 Uiine noimal Killed on the second day aftei 


the administration of uranium nitrate 

First day (ivt 1,140 gm ) Plienolsulphonephthalein excietion 54 per cent 
Admmisteied 3 mg uranium nitrate 

Second day (ut 1,140 gm ) Plienolsulphonephthalein excietion 46 per cent 
Urine albumin trace, epithelial cells present, no casts 
Third day (wt 1,140 gm ) Plienolsulphonephthalein excietion trace 

Urine albumin trace, epithelial cells and a few casts 

Blood non-protein nitrogen (per 100 gm ) 32 mg 

Blood urea nitrogen (per 100 gm ) 13 mg 


Histological Findings Glomeruli slightly congested Necrosis with desqua- 
mation of epithelium in some tubules No excess of fat A few areas of round 
cell infiltration 

Expenment 3 — Rabbit 521 Faint tiace of albumin in mine, no casts Killed 
on the thud day aftei the administration of the uranium nitrate 
Fust day (wt 1,350 gm ) Plienolsulphonephthalein excretion 08 pei cent 
Administered 3 mg uranium nitiate 

Second day (wt 1,300 gm ) Phenolsulphonephtlialein excretion 31 per cent 

Uiine albumin faint trace, epithelial cells, no casts 
Third daj’’ (ivt 1,210 gm ) Plienolsulphonephthalein excretion 20 pei cent 

Urine albumin trace, epithelial cells, no casts 
Fourth day (v>t 1,100 gm ) Phenolsulphonephtlialein excretion tiace 

Urine albumin trace, epithelial cells, casts 

Blood non-protein nitrogen (per 100 gm ) 110 mg 

Blood uiea nitrogen (per 100 gm ) 09 mg 

Histological Findings Glomeiuli negative, considerable necrosis and desqua 
mation of certain tubules, necrotic material in lumen of other tubules 

Expenment — ^Rabbit 523 Uiine normal Killed on the fourth day after 
the administration of the uranium nitrate 

First day (wt 1,400 gm ) Phenolsulphonephthalein excretion 75 'per cent 
Administered 3 mg uranium nitrate 

Second day (wt 1,390 gm ) Phenolsulphonephthalein excretion 58 per cent 


Urine albumin trace, epithelial cells present, no casts 
Third day (wt 1,330 gm ) Phenolsulphonephthalein excretion trace 

Urine albumin trace, epithelial cells present, no casts 
Fourth day (wt 1,370 gm ) Phenolsulphonephthalein excretion tiace 

Urine practically anunc 

Fifth day (wt 1,370 gm ) Phenolsulphonephthalein excretion trace 

Urine no albumin, many casts 

Blood non-protem nitrogen (per 100 gm ) 142 mg 

Blood urea nitrogen (per 100 gm ) 109 mg 


8 In the following experiments the animal numbers are those recorded in the 
laboratory of Theory and Practice 

9 Blood had not clotted and was collected fiom the right pleuial cavity 
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Histological Findings Glomeruli negative Neciotic epithelium in many 
tubules, disappeai ance of epithelium in certain tubules, neeiotic mateiial and 
casts in others Slight excess of fat m necrotic mateiial A few areas of lound 
cell infiltration 

Experiment 5 — Kabhit 524 Urine normal Found dead on the morning of 
the fifth day after the administiation of uranium Blood^® taken from the dead 
animal for analysis 

First day (wt 1,440 gm ) Phenolsulphonephthalein excretion 68 pei cent 
Administered 3 mg uianium nitrate 

Second day (wt 1,425 gm ) Phenolsulphonephthalein excietion 45 pei cent 


Urine albumin trace, epithelial cells present, no casts 
Third day (wt 1,400 gm ) Phenolsulphonephthalein excretion tiace 

Urine albumin laige trace, epithelial cells present, few casts 
Fourth day (wt 1,400 gm ) Phenolsulphonephthalein excretion tiace 

Urine practically anui ic 

Fifth day (wt 1,380 gm ) Phenolsulphonephthalein excretion anuric 

Sixth day Blood non-protein nitrogen (per 100 gm ) 256 mg 

Blood urea nitiogen (pei 100 gm ) 172 mg 


Histological Findings Edema and congestion of glomeruli Necrotic 
epithelium in many tubules, disappearance of epithelium in many, necrotic 
material and casts in others Slight excess of fat in necrotic material and tubular 
epithelium No lound cell infiltiation 

Experiment 6 — Kabhit 532 Uiine normal Killed on the fifth day aftei the 


administration of the uranium 

First day (wt 1,260 gm ) Phenolsulphonephthalein excretion 68 per cent 
Administered 3 mg uranium nitrate 

Fourth day (wt 1,175 gm ) Phenolsulphonephthalein excretion tiace 

Urine albumin laige trace, many casts 
Sixtli day (wt 1,225 gm ) Phenolsulphonephthalein excietion trace 

Urine albumin tiace, a few casts 

Blood non-protein nitrogen (pei 100 gm ) 216 mg 

Blood urea nitrogen (per 100 gm ) 125 (?) mg 


Histological Findings Glomeruli negative Disappearance of epithelium in 
certain tubules, legeneration of epithelium in others, necrotic material and 
casts in some A few aieas of round cell infiltiation 

Experiment 7 — Rabbit 528 Uiine noimal Killed on the seventh day after 
the administration of the uranium 

First day (wt 1,750 gm ) Phenolsulphonephthalein excretion 79 per cent 
Administered 3 mg uianium nitiate 

Second day (wt 1,720 gm ) Phenolsulphonephthalein excretion 49 per cent 

Urine albumin tiace, epithelial cells present, no casts 
Third day (wt 1,660 gm ) Phenolsulphonephthalein excretion 19 pei cent 

Urine albumin laige tiace, epithelial cells present, a few casts 
Fouith day (vt 1,660 gm ) Phenolsulphonephthalein excietion tiace 

Urine albumin trace, few casts 

Fifth day (wt 1,620 gm ) Phenolsulphonephthalein excretion tiace 

Urine albumin tiace, many casts 

Sixth day (wt 1,500 gni ) Phenolsulphonephthalein excretion trace 

Urine albumin trace, many casts 

Seventh daj"^ (wt 1,470 gm ) Phenolsulpiionephthalein excretion 10 per cent 
Uiine albumin slight trace, many casts 
Eighth day (wt 1,460 gm ) Phenolsulphonephthalein excretion 38 per cent 
Urine albumin negative, many casts 

Blood non-protein nitrogen (per 100 gm ) 92 mg 

Blood urea iiitiogen (per 100 gm ) 62 mg 

10 Blood had not clotted and vas taken from right pleural cavitv 
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Histological Findings Glomeruli negative Necrotic epithelium in a few 
tubules, considerable regeneration in some tubules Necrotic material and casts 
in collecting tubules Fat in necrotic material and in the epithelium of some 
tubules Round cell infiltration in many areas 

Experiment 8 — ^Rabbit 529 Urine normal Killed on the eighth day after 
the administration of uranium nitrate 

First day (wt 1,380 gm ) Phenolsulphonephthalein excretion 72 per cent 
Administered 3 mg uranium nitrate 

Second day Phenolsulphonephthalein excretion 59 per cent 

Urine albumin slight trace, no casts, epithelium present 
Third day (wt 1,310 gm ) Phenolsulphoncphthalem excretion 2 per cent 
Urine albumin trace, epithelial cells present, a few casts 
Fourth day (wt 1,310 gm ) Phenolsulphonephthalein excretion trace 

Urine albumin large trace, epithelial cells, rare casts 
Fifth day (wt 1,340 gm ) Phenolsulphonephthalein excretion trace 

Urine albumin laige trace, many casts 
Sixth day (wt 1,3G0 gm ) Phenolsulphonephthalein excretion trace 

Urine albumin none, few casts 

Seventh day (wt 1,260 gm ) Phenolsulphonephthalein excretion trace 

Urine albumin slight trace, many casts 
Eighth day (wt 1,230 gm ) Phenolsulphonephthalein excretion 14 per cent 
Urine albumin slight trace, many casts 
Ninth day (wt 970 gm ) Phenolsulphonephthalein excretion 12 per cent 
Urine albumin negative, many casts 

Blood non-protein nitrogen (per 100 gm ) 266 mg 

Blood urea nitrogen (per 100 gm ) 200 mg 

Histological Findings A few glomeruli show hyaline droplets Considerable 
necrotic epithelium in tubules, regeneiation in some Necrotic material and casts 
in tubules No excess of fat No round cell infiltration 

Experiment 9 — ^Rabbit 533 Urine normal Killed on the tenth day after 
the administration of uranium nitrate 

First day (wt 1,180 gm ) Phenolsulphonephthalein excretion 66 per cent 
Administered 2 mg uramum nitrate 

Fourth day (wt 1,125 gm ) Phenolsulphonephthalein excretion trace 

Urine albumin trace, epithelial cells and some casts present 
Sixth day (wt 1,080 gm ) Phenolsulphonephthalein excretion 1 per cent 
Urine albumin trace, many casts 

Eighth day (wt 1,010 gm ) Phenolsulphonephthalein excretion 42 per cent 
Urine albumin slight trace, many casts 
Ninth day (wt 975 gm ) Phenolsulphonephthalein excretion 34 per cent 
Urine no albumin, a few casts 

Eleventh day (wt 910 gm ) Phenolsulphonephthalein excretion 60 per cent 
Urine normal 

Blood non-protein nitiogen (per 100 gm ) 59 mg 

Blood urea nitrogen (per 100 gm ) 43 mg 

Histological Findings Glomeruli negative Tuhules negative except for a 
few showing regeneration No excess of fat Numerous areas of round cell 
infiltration 

From Experiments 1 to 9, recorded above, it is evident that the 
excretion of phenolsulphonephthalein is very much diminished on the 
day foUowmg the admmistration of uranium nitrate, and that by the 
second or third day the excretion is reduced to a mere trace or ceases 
altogether The accumulation of the nitrogenous waste products in the 
blood IS of course gradual, and would naturally be very slow in a lierbiv- 
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orous animal liTing chiefly on carrots After the third day, hoi^ever, 
the accumnlation of non-protein nitrogen and urea in the blood reaches 
extraordmary flgures The fact that the animals often abstained fiom 
eatmg durmg this period probably resulted m their usmg up of their 
supply of glycogen, and this would greatly accelerate the protem destruc- 
tion and the accumulation of the nitrogenous products Yanations in 
the accumulation durmg the anuric period are doubtless chiefly due to 
variations in the consumption of carbohydrates As the retention of 
nitrogen mcreases the proportion represented by the urea becomes 
increasingly larger The histological evidence of m]ury to the kidney 
from the uranium did not appear until the second day after the admm- 
istration of the uranium Traces of albumin m the urme appeared, on 
the other hand, uniformly at the end of the first day, though casts did 
not occur until the third day After the third day, w^hen extensive 
necrosis of the tubular epithelium is found, the enormous accumulation 
of nitrogen m the blood and the more or less complete retention of the 
phenolsulphonephthalem also revealed a condition of severe nephritis and 
renal msufficieney 

The transitorj’- character of uranium nephritis is illustrated by the 
last three experiments Aftei the sixth or seventh day the phenolsul- 
phonephthalem excretion begins to improve The improvement, hovrever, 
may not be quite so rapid as is indicated by the percentage of the phenol- 
sulphonephthalem excretion recorded m the tables, because relatively 
large amounts of the chemical may have accumulated m the animals as 
a result of the repeated injections durmg several preceding days when 
practically none of it was eliminated The retention mtrogen m the 
blood, therefore, remams very high, even after there has been an appar- 
ently marked improvement m the phenolsulphonephthalem excretion 
By the eleventh day the kidney appears practically normal agam, but 
the non-protem nitrogen and urea are still slightly mcreased The 
urme is free from albumin and casts, and the phenolsulphonephthalem 
excretion has returned practically to normal It is evident from this 
series of animals that these tests of blood and urme varied with the 
intensity of the nephritis and m general paralleled each other 

In order to compaie more accurately the relation of the accumulation 
of the non-protem nitTogenou«: pioducts m the blood with the excretion 
of phenolsulphonephthalem at different stages of acute nephritis, a 
second senes of experiments was made In this senes the blood wa*: 
collected every two or three days fiom the ear vems and on the same day'! 
the phenolsulphonephthalem test was applied Experiments 10 to 19, 
recorded below, give the salient pomts of these observations 
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Experiment 10 — Eabbit 669 Uiine normal, blood noimal Animal found 
dead on the fifth day after the admmistiation of the uranium nitiate 
First day (iH 1,850 gm ) Phenolsulplionepbtbalcm excietion 75 per cent 


Blood non-protein nitrogen (pei 100 gm ) 29 mg 

Administered 3 mg uranium nitiate 

Third day (ivt 1,830 gm ) Phenolsulpboiieplitlialein e\cietion trace 

Urine albumin trace, epithelial cells, no casts 

Blood non-protein nitrogen (per 100 gm ) 49 mg 

Blood uiea nitiogen (pei 100 gm ) 30 mg 

Fifth day Phcnolsulphonephthalein excietion anuric 

Blood non -protein nitrogen (per 100 gm ) ' 120 mg 

Blood urea nitrogen (per 100 gm ) 82 mg 


Experiment 11 — Eabbit 671 Urine noimal High initial nitiogen in the 
blood Found dead on tlie seventh day aftei tlic administration of the uianium 
Fust day (vt 1,580 gm ) Phenolsulphonephthalein e\eretion 80 pei cent 


Blood non-protein nitiogen (pei 100 gm ) 45 mg 

Blood uiea nitrogen (per 100 gm ) 26 mg 

Administered 1 25 mg uranium nitrate 

Fourth day (ivt 1,520 gm ) Phenolsulphonephthalein e\cietion tiace 

Blood non protein nitiogen (pei 100 gm ) SO mg 

Blood uiea nitrogen (per 100 gm ) 55 ing 

Uiine albumin large tiace, a few casts, epithelial cells 

Seventh day (wt 1,400 gm ) Phenolsulplionephthalein excretion tiace 

Blood non-protein nitiogen (pei 100 gm ) 250 mg 

Blood urea-nitrogen (pei 100 gm ) 201 mg 

Urine albumin tiace, sediment not done 


Experiment 12 — ^Eabbit 670 Urine normal, high initial nitrogen in blood 
Pound dead on the ninth day after the adininistiation of the uranium 


First day (wt 1,270 gm ) Phenolsulphonephtlialein exciction 71 pei cent 
Blood non-protein nitrogen (pel 100 gm ) 45 mg 

Blood urea nitiogen (per 100 gm ) 25 mg 

Administered 1 25 mg uranium nitrate 

Fourth day (wt 1,250 gm ) Phenolsulphonephthalein excietion trace 

Blood non protein nitrogen (per 100 gm ) 100 mg 

Blood urea mtrogen (pei 100 gm ) 74 mg 

Urine albumin trace, a few casts, epithelium 

Seventh day (wt 1 060 gm ) Phenolsulphonephthalein excietion 12 per cent 
Blood non-protein nitrogen (per 100 gm ) 190 mg 

Blood urea nitrogen (per 100 gm) 161 mg 

Urine many casts, no albumin 

Ninth day (wt 950 gm ) Phenolsulphonephthalein exeietion 43 pei cent 

Blood non-piotein nitrogen (per 100 gm ) 95 mg 

Blood urea nitrogen (per 100 gm ) 60 mg 

Urine No albumin, many casts 


Experiment 15 — ^Eabbit 535 Urine normal, high initial nitrogen in the 
blood Killed on the thirteenth day after the administration of uranium 


First day (wt 1,620 gm ) Phenolsulphonephthalein excretion 70 per cent 
Blood non-protein nitrogen (per 100 gm ) 50 mg 

Blood urea nitrogen (pei 100 gm ) 30 mg 

Administered 1 25 mg uranium nitrate 

Fourth day (wt 1,630 gm ) Phenolsulphonephthalein excretion 51 per cent 
Blood non-protein nitrogen (per 100 gm ) 50 mg 

Blood urea nitrogen (per 100 gm ) 23 mg 

Urine albumin trace, epithelial cells and casts absent 
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Seventh. day (vd: 1,630 gm ) Phenolsulplionephtlialein excietion 48 pei cent 
Blood non-piotein nitrogen (per 100 gm ) 50 mg 

Blood urea nitiogen (per 100 gm ) 25 mg 

Uiine albumin laige tiace, sediment negative 
Ninth day (wt 1,600 gm ) Phenolsulphonephthalem excietion 62 pei cent 
Blood non-piotein nitrogen (per 100 gm ) 30 mg 

Blood uiea nitiogen (pei 100 gm ) 16 mg 

Urine albumin negative, a few casts 

Eleventh day (wt 1,660 gm ) Phenolsulphonephthalem excretion 70 per cent 
Blood non-piotein nitrogen (per 100 gm ) 30 mg 

Blood urea nitiogen (per 100 gm ) 16 mg 

Urme no albumin, raie cast 


Fouiteenth day (wt 1,660 gm ) Phenolsulphonephthalem excretion, 09 pei cent 
Blood non-piotem nitrogen (per 100 gm ) 32 mg 

Blood urea nitiogen (per 100 gm ) 20 mg 

Uiine normal 


Histological Findings Glomeiuli negative Tubules negative, no excess ot 
fat, no cellular infiltiation 


Experiment IJ / — Babbit 534 Piegnant Urme and blood noimal Killed 
on the thiiteenth day aftei the adrainistiation of uianium 

Fust daj. (wt 2,220 gm ) Phenolsulphonephthalem excietion 70 pei cent 

Blood non-piotem nitiogen (pei 100 gm ) 30 mg 

Admmisteied 3 mg uianium nitiate 


Ihiid day (wt 2,210 gm ) Phenolsulphonephthalem excietion tiace 

Blood non-protem nitrogen (pei 100 gm ) 45 mg 

Blood uiea nitiogen (pei 100 gm ) 30 mg 

Uiine albumin large trace, epithelial cells, no casts 
Fifth day Phenolsulphonephthalem excretion tiace 

Blood non-piotem nitrogen (pei 100 gm ) 112 mg 

Blood urea nitiogen (per 100 gm ) 82 mg 

Urme albumin tiace, epithelium, many casts 
Seventh day (wt 2,100 gm ) Plienolsulphonephthalem excietion 25 pei cent 
Blood non-piotem nitiogen (per 100 gm ) 102 mg 

Blood urea nitrogen (per 100 gm ) 77 mg 

Uiine albumin trace, many casts 

Ninth day (wt 1 190 gm ) Phenolsulphonephthalem excietion 40 pei cent 
Blood non-piotein nitrogen (per 100 gm ) 59 mg 

Blood uiea nitiogen (per 100 gm ) ‘ 40 mg 

Uiine not examined 


Tenth day Phenolsulphonephthalem excietion 46 pei cent 

Blood non-piotein nitrogen (pei 100 gm ) 45 mg 

Blood uiea nitrogen (per 100 gm ) 25 mg 

Uiine alhuinm tiace, many casts 

Twelfth day (vt 1,800 gm ) Phenolsulphonephthalem excietion 31 per cent 
Blood iion-pi otem nitiogen (pei 100 gm ) 35 mg 

Blood uiea nitiogen (per 100 gm ) 23 mg 

Uiine not examined 

Fouiteenth daj Phenolsulphonephthalem excretion 36 per cent 

Blood non pi otem nitrogen (per 100 gm ) 57 mg 

Blood uiea nitiogen (per 100 gm ) 30 mg 

Uiine albumin trace no casts 


Histological Findings Glomeruli negatne A fev tubules shoved regener- 
ation and a fev shov ed casts Slight amount of fat in ‘some tubule= No cellular 
mil 111 all on 
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Experiment 15 — ^Rabbit 630 Urine normal, blood normal Killed on the 
eighteenth day after the administration of uranium 

First daj' (wt 1,620 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gra ) 

Administered 1 25 mg uranium nitrate 
Fourth day (wt 1,570 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin trace, epithelium, a few casts 
Seventh day (wt 1,530 gm ) Phenolsulphonephthalein excietion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin tiace, many casts 
Ninth day (wt 1,400 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine no albumin, many casts 

Eleventh day (wt 1,030 gm ) Phenolsulphonephthalein excietion 58 per 


Blood non-protein nitrogen (per 100 gm ) 40 mg 

Blood urea nitrogen (per 100 gm ) 25 mg 

Urine albumin trace, a few casts 

Fourteenth day (wt 1,540 gm ) Phenolsulphonephthalein excretion, 65 per cent 
Blood non-protein nitrogen (per 100 gra ) 32 mg 

Blood urea nitrogen (per 100 gm ) 18 mg 

Urine albumin negative, a few casts 

Sixteenth day Phenolsulphonephthalein excretion 62 per cent 

Blood non-protein nitrogen (per 100 gm ) 32 mg 

Blood urea nitrogen (per 100 gm ) 16 mg 

Urine albumin negative, a few casts 

Nineteenth day (wt 1,580' gm ) Phenolsulphonephthalein excretion, 72 per cent 
Blood non-protein nitrogen (per 100 gm ) 26 mg 

Blood urea nitrogen (per 100 gm ) 13 mg 

Urine normal 


Histological Findings Glomeruli negative Tubules negative, no excess of 
fat, no cellular infiltration 


78 per cent 
31 mg 
15 mg 

trace 
50 mg 
23 mg 

8 pel cent 
97 mg 
74 mg 

52 per cent 
47 mg 
27 mg 


Experiment 16 — ^Rabbit 681 Urine albumin a trace, no 
normal 

First day (wt 2,130 gm ) Phenolsulphonephthalein excretion 
Blood non-piotein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Administered 3 mg uranium nitrate 
Third day (wt 2,080 gm ) Phenolsulphonephthalein excietion 
Blood non-protem nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin trace, epithelial cells, no casts 
Fifth day (wt 1,940 gm ) Phenolsulphonephthalein excietion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin trace, epithelial cells, no casts 
Seventh day (wt 1,930 gm ) Phenolsulphonephthalein excretion 
Blood "non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin trace, rare cast 


casts Blood 

62 per cent 
32 mg 
21 mg 

14 per cent 
47 mg 
25 mg 

trace 
85 mg 
60 mg 

23 per cent 
90 mg 
68 mg 
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Eighth day (wt 1,900 gm ) Phenolsulphonephthalein excretion 40 per cent 
Blood non-protein nitrogen (per 100 gm ) 80 mg 

Blood urea nitrogen (per 100 gm ) 56 mg 

Urine albumin trace, casts 

Tenth day (vrt 1,770 gm ) Phenolsulphonephthalein excretion 58 per cent 
Blood non-protein nitrogen (per 100 gm ) 54 mg 

Blood urea nitrogen (per 100 gm ) 40 mg 

Urine albumin slight trace, many casts 

Twelfth day (wt 1,800 gm ) Phenolsulphonephthalein excretion 64 per cent 
Blood non-protem nitrogen (per 100 gm ) 36 mg 

Blood uiea nitrogen (per 100 gm ) 19 mg 

Urine no albumin, many casts 

Fourteenth day (wt 1,750 gm ) Phenolsulphonephthalein excretion, 48 pet (?) 

Blood non-protein nitrogen (per 100 gm ) 27 mg 

Blood urea nitrogen (per 100 gm ) 18 mg 

Urine no albumin, few casts 


Sixteenth day Phenolsulphonephthalein excretion 68 per cent 

Blood non-protein nitrogen (per 100 gra ) 28 mg 

Blood urea nitrogen (per 100 gm ) 19 mg 

Urine no albumin, few casts 


Expo imeiit 17 — ^Rabbit 679 Urine normal, blood normal 
First day (wt 2,620 gm ) Phenolsulphonephthalein excietion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Administered 3 mg uranium nitrate 
Third day (wt 2,630 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin trace, epithelium, no casts 
Fifth day (wt 2,470 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin trace, a few casts 
Seventh day (wt 2,570 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (pei 100 gm ) 

Urine albumin large trace, a few casts 
Eighth day (wt 2,500 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine albumin tiace, casts 

Tenth day (wt 2,600 gm ) Phenolsulphonephthalein excretion 
Blood non-protein nitrogen (per 100 gm ) 

Blood urea nitrogen (per 100 gm ) 

Urine no albumin, few casts 


71 per cent 
28 mg 
18 mg 

52 per cent 
28 mg 
18 mg 

14 per cent 
52 mg 

31 mg 

18 per cent 
55 mg 

32 mg 

37 per cent 
55 mg 
32 mg 

69 per cent 
50 mg 
37 mg 


Twelfth day (wt 2,500 gm ) Phenolsulphonephthalein excretion 56 pet (’) 


Blood non-protein nitrogen (per 100 gm ) 35 mg 

Blood urea nitrogen (per 100 gm ) 19 mg 

Urine albumin negative, a few casts 

Fourteenth day (wt 2 575 gm ) Phenolsulphonephthalein excretion, 75 per cent 
Blood non-protein nitrogen (per 100 gm ) 27 mg 

Blood urea nitrogen (per 100 gm ) 18 mg 

Urine normal 
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Expejwient IS — Rabbit G80 Uiine noimal, blood noinial 
Past day (iit 2,180 gin ) PhenolsulplionephthalGin excretion 
Blood non-protem nitiogen (pei 100 gm ) 

Blood niea nitrogen (per 100 gm ) 

Administeicd 3 nig nianiiim nitrate 
Thud day (wt 2,150 gm ) Pbenolsulpbonephtbalein excietion 
Blood non-pioteni nitiogen (pei 100 gm ) 

Blood iiiea nitiogen (pei 100 gm ) 

Uiine albumin trace, no epitbelium, no casts 
Fifth day (ut 2,030 gm ) Plienolsiilphonepbthalem excietion 
Blood non-protein nitiogen (per 100 gm ) 

Blood uiea nitiogen (per 100 gm ) 

Uiine albumin tiacc, epithelial cells picsenl 
Seventh daj (ut 2,070 gm ) Phenolsulphonephthalein excietion 
Blood non-piotein nitiogen (pci 100 gm ) 

Blood uiea nitrogen (per 100 gm ) 

Urine albumin trace, casts 

Eighth day (ut 2,000 gm ) Phenolsulphonephthalein excretion 
Blood nonpiotein nitiogen (pei 100 gm ) 

Blood uiea nitiogen (pei 100 gm ) 

Urine albumin negative, casts 

Tenth day (wt 2 020 gm ) Phenolsulphonephthalein excretion 
Blood non protein nitiogen (per 100 gm ) 

Blood uiea nitrogen (pei 100 gm ) 

Urine no albumin, few casts 


CS pci cent 
29 mg 

18 mg 

60 per cent 
35 mg 
20 mg 

49 per cent 
35 mg 

19 mg 

02 per cent 
35 mg 

20 mg 

64 per cent 
32 mg 

19 mg 

07 per cent 

20 mg 
13 mg 


Expenment ID — Rabbit 082 Uiine noimal, blood noimal 

First day (wt 2,050 gm ) Phenolsulphonephthalein excretion 60 pei cent 
Blood nonpiotein nitrogen (pei 100 gm ) 20 mg 

Blood uiea nitrogen (per 100 gm ) 18 

Administered 3 mg uranium nitrate 

Ihnd day (wt 2,030 gm ) Phenolsulphonephthalein excietion 25 pei cent 
Blood non-protein nitrogen (per lOff gm ) 29 mg 

Blood urea nitrogen (per 100 gm ) 18 

Urine albumin trace, epithelium, no casts 

Fifth day (wt 1,930 gm ) Phenolsulphonephthalein excretion trace 

Blood non-protein nitrogen (pei 100 gm ) 58 mg 

Blood urea nitrogen (per 100 gm ) 86 mg 

Urine albumin trace, few casts 

Seventh daj (ivt 1,935 gm ) Phenolsulphonephthalein excietion 18 per cent 
Blood non-piotein nitrogen (pei 100 gni ) 62 mg 

Blood urea nitrogen (per 100 gm ) 40 mg 

Urine albumin trace, few casts 

Eighth day (wt 1,870 gm ) Phenolsulplioiiephtlialein excietion 38 per cent 
Blood non-piotein nitrogen (per 100 gm ) 72 mg 

Blood urea nitrogen (per 100 gm ) 52 mg 


Uime albumin trace, casts 

lentil dav (wt 2,020 gm ) Phenolsulphonephthalein excietion 55 pei cent 
Blood non-protein nitrogen (per 100 gm ) 47 mg 

Blood uiea nitrogen (per 100 gm ) 25 mg 

Urine albumin negative, casts 

Twelfth day (wt 1 970 gm ) Phenolsulphonephthalein excietion 62 pei cent 
Blood non-protein nitrogen (per 100 gm ) 37 mg 

Blood uiea nitrogen (per 100 gm ) 20 mg 


Urine albumin trace few easts 

Fourteenth day (wt 1,950 gm ) Phenolsulphonephthalein excietion, 60 per cent 
Blood non-protein nitrogen (pei 100 gm ) 30 mg 

Blood uiea nitrogen (per 100 gm ) 18 mg 

Urine albumin negative, feu casts 
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Thiee of the ten rabbits used m this senes (Experiments 11, 1^ and 
13) showed a retention of nitrogen of 45, 45 and 50 milligiams, respec- 
tively, per 100 grams of blood, as agamst the normal figure of about 30 
milligrams This coriesponds with what Eolin and Denis have found in 
man, where the strictly normal is under 30 milligrams, yet where numei- 
ous exceptions are found among hospital patients Two of these three 
rabbits died during the experiment, though they had been given only 
1 25 milligrams uranium nitrate 

The correspondence between the results of the phenolsulphone- 
phthalein tests and those of the blood analyses in Experiments 10 to 19 
IS quite lemarkable, and m this series the significance of the formei 
cannot have been obscured by accumulations of the drug in the body 
The correspondence is shown graphically in the accompanying charts, 
(a) with reference to a moderate degiee of nephiitis (Exp 17), (b) with 
leference to seveie nephritis (Exp 16) 


VVvi *1 -Sul jxhtiit 
fl mc^lCIn 


I n 
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Chart 1 — Cul^es showing phenolsulphonephthalein excretion non piotein 
nitrogen and urea nitrogen in a moderate nephritis. Experiment 17 

From the tables and the charts it is clear that at the beginning of the 
nephiitis the phenolsulphonephthalem elimination drops more rapidly 
than the accumulation of non-protem nitiogen and the urea of the blood 
Dm mg the couise of the disease the height of the mtiogenous accumu- 
lation IS reached from two to three days later than the lowest level of 
the phenolsulphonephthalein excietion And after the kidney function 
has begun to improve, as shown by an increasing elimination of phenol- 
sulphonephthalein in the urine, the retention nitrogen does not at once 
begin to recede, but may even continue to rise for a day or two, and doe'^ 
not leach the noimal till a day oi two after the phenolsulphonephthalein 
excretion This is only what one must expect in view of the fact that 
the retention nitrogen represents the difieience between that eliminated 
and that produced in the tissues whereas the phenolsulphonephthalein 
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16 an indication of the elimination alone This is an essential diffeienee 
between the two tests The percentage of phenolsnlphonephthalem 
excreted affords an index to the renal function at the tune the test is 
made and the result is not visibly influenced by the length of time the 
kidney may have been in the condition indicated by the test In the 
earliest stages of acute nephritis, such as is involved in these experiments, 
the nitiogen of the blood, on the other hand, does not necessarily reveal 
the intensiiy of the disease 

CONCLUSIONS 

1 In acute uranium nephritis in labbits the excietion of plienolsul- 
phonephthalein in the uime and the amount of non-protem nitrogen and 
urea m the blood vary from the normal during the course of the nephritis 
and return to normal as the nephritis heals 

2 The degiee of vaiiation from the normal agiees on the whole 
with the amount of destiuction demonstiated histologically in the kidney 



Chait 2 — Curves showing phenolsulphonephthalm evcretion, non-protem 
nitrogen and urea nitrogen in severe nepliiitis, Experiment 16 

3 The phenolsnlphonephthalem excretion in the urme drops rapidly 
to its lowest point and returns lapidly to normal with recovery of the 
kidney 

4 Hon-protem nitrogen and urea accumulate giadually in the blood 
and leturn to normal gradually as the ladney recovers 

5 In general these tests parallel each other as indicatois of renal 
function, but have this essential difference the amount of phenolsul- 
phonephthalein excretion shows the renal function at the moment, the 
amoimt of non-protem nitrogen and urea m the blood is rather a measure 
of an accumulating difference between the amounts of waste nitrogen 
produced in the metabolism and the amounts eliminated by the kidneys 
The time element, the duration of the condition, is therefore an impoi- 
tant factor m this test 




A CASE OE YECETATIVE ENDOCAEDITIS CAUSED BY A 
HITHERTO UHDESCEIBED SPIRILLUM. 
(SPIRILLUM SUEATI, H S)' 

ALBERT R il D akd F WADE BATON, MD 

Xirw YOBK BBADFOED, PA 

During the summer of 1911, we had the oppoitumiy of observing the 
course of an unusual ease of vegetatne endocarditis, of recovermg a 
hitherto undescribed spiral organism from the blood in pure culture on 
two separate occasions, and of confiiming the clmical diagnosis and 
recovering the same organism from the blood, cardiac vegetations and 
liver at autopsy 

The causal relationship of this organism to the disease in question 
seems definite and well established 

CASE REPORT 

The patient, a man aged 37, was admitted to the Presbyterian Hospital, July 
13, 1911, in the service of Dr Bovaird, to whom we are greatly indebted for 
permission to use the clmical records 

History — There was nothing in the family history bearing on the case As 
a baby he had pleurisy and at the age of 4 suffered from an attack of diphtheria 
In 1896 he was ill for three weeks with a fever of unknown cause Ten yeais 
later he suffered from cardiac decompensation due to aortic regurgitation So 
far as Imown he had never suffered from rheumatism in any of its forms, unless 
the attack of fever in 1896 was of this nature He never had malaria and gave 
no history of cough or loss of weight For seven and one-half years previous to 
his admission he had been a mi'ssionarv in the tropics, Surat Pro\ince, Bombay 
India He always took every precaution to avoid the ^arlous diseases prevalent 
there Habits good Not alcoholic 

Onset of present trouble !March 12, 1911 He had been working hard in the 
intense heat of the tropics when he began to have chilly sensations, moderate 
fever and anorexia No malarial organisms vere found in his blood and in three 
days he was feeling Avell again 

Six days later, while on the ship for America, he had another similar attack 
lasting for a few days He did not take quinin During the remainder of the 
trip he continued well 

In the middle of May he had a definite chill with fever lasting Ee^eral hours 
The following day he felt well Two weeks later he had a similar attack After 
this he was feverish at times and had slight morning anorexii and afternoon 
languor 

Two weeks before admission he had a aery profuse night sveat and one week 
later he went to bed with a temperature of 104 F An irregular temperature 
persisted, being normal in the morning and about 102 T in the afternoon He 

* Submitted for publication Julv 12 1913 

* From the Patholomcal Laboratory Presbyterian Hospital Columbia Uniye*- 
sity Neyv York 
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had regulai night SMe^its but no cough oi loss of weight His sputum showed 
no tubeicle bacilli Appetite continued fairly good Had no muscle or abdominal 
pain, no puffiness about the eyes and no urinary symptoms Evei since going 
to the tiopics lie had had about tuo loose movements a day, containing a trace of 
flesh blood fiom hcmoirhoids 

Examination — Tall, gaunt and hollow chested Not dyspneic nor cyanotic 
Looked woin and tiled rather than acutely ill Ejes normal except for a little 
imiddiness of the scleiae Face thin and «allow Buccal mucous inembrano 
phaiynx. and tonsils noimal Lungs deal 

Ihe apex impulse of the heait was of heaving chaiacter in the fifth space, 
11 cm to the left of the niid-line The left limit of diilness Mas 1 cm furthei 
to the left and the light limit at the right sternal margin At the apex there 
weie thiee murniuis a shoit presystolic rumble, a soft systolic blow, trans 
mitted to the left axilla and heard ovei the whole piecoidiiim, a faint diastolic 
blow which inci cased in intensity as it was tiaced inwaids The pulmonic second 
sound was accentuated and thcie was a loud systolic murmur in this region 
Ovei the aoitic a’oa there was a soft systolic murmur, transmitted upwards to 
the clavicle Ovei the uppei part of the sternum and along its left bolder, one 
heard a diastolic blow, loudest at the thud costal cartilage 

The pulses were equal and of distinct Coiiigan quality The radial aiteries 
W'cre slightly thickened 

The abdomen was soft and showed nothing abnoimal The liver was not 
palpable The shaip, firm edge of the spleen descended about 1 cm below the 
costal margin on deep inspiration The extiemities and leflexes W'ere normal 
No peteehiae w'oie found 

Hie diagnosis on admission wms cliionic malaiia and chronic cardiac valvular 
disease 

July 20 On admission the patient's strength wms good A blood count 
show'ed hemoglobin, SS pei cent , red blood-cells, 4,200,000, wdiite cells, 10,000, 
polymoi phonuclears, 88 per cent , lymphocytes, 11 per cent , eosinophils, 1 per 
cent No malarial organisms found on lepeated examinations at vaiious times 
of the clay Quinm had no effect, von Piiquet reaction negative In reviewing 
the case at tins time it seemed piobable that the patient was suffeiing fiom 
acute infectious endocaiditis 

July 23 Blood cultuie taken July 19 is steiile Complains of pain in the 
calf of Ins leg This is thought to be due to an embolus in a small artery Two 
days ago the blood count was white cells, 15,200, polymoi phonuclears, 82 per 
cent , lymphocytes, 16 per cent , eosinophils, 1 per cent , basophils, 1 per cent 
No malarial organisms found No ova oi paiasites found in stool 

July 27 Fever still resists heavy doses of quinin Physical examination 
remains unchanged 

August 1 Condition about the same The iriegulai fever, sweats and eliilh 
ness continue No peteehiae have been found Has two to four loose movements 
a day in which no ova or parasites have been found 

August 12 Has begun to lose appetite and has a little nausea The blood 
count of August 3 showed white cells, 11,500, polymorphonuclears, 77 per cent , 
lymphocytes, 2 per cent , large mononuclears, 15 per cent , tiansitionals, 6 per 
cent The cardiac dulness is 2 cm further to the left 

August 17 Has been up and about for two or three days Now has a little 
edema about the ankles Ihe blood count three days ago was white cells, 21,000, 
polymorphonuclears, 90 per cent , laige mononuclears, 6 per cent , lymphocytes, 

4 per cent , hemoglobin, 70 per cent Wassermann reaction negative 

August 24 Grew steadily weakei and died this afternoon Pulse continued 
rapid and irregular, heait dilated Peisistent abdominal distention Labored 
respiration and'^ moderate pulmonary edema No peteehiae found until the last 
two days when a few were seen over the thorax and one in the left conjunctiva 
Two days before death the blood-count was white cells, 36,400, polymorphonu- 
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deals, 8S pei cent, ti ansitionals, 2 pei cent, Ijnnphocj tes, 9 pei cent laige 
mononudeais, 1 pei cent 

During the course of the disease the tempeiatuie continued iiiegulai In 
the morning it uould be noimal oi subnormal In the afternoon the use varied 
from 99 5 to 103 F Duiing the last two days it uas continuously subnoinial 

The pulse \aiied between 70 and 100 until near the end uhen it became much 
more rapid and iiiegulai 

On repeated examinations the uiine showed occasional hyaline casts and on 
one occasion a faint tiace of albuiuin 

The patient was given four intiavenous injections of collar gol without any 
effect 

Ncciopsy — The autopsy uas peifoimed six hours posi-moiicm The body is 
that of a large flamed man, shoiiing consideiable wasting There is a little puffy 
edema over the dorsum of each foot Scattered over the lower thorax and 
abdomen there are about a do7en small petechial spots and one is found in the 
left conjunctiva lire subcutaneous fat is pale and edematous 



Fig 1 — Ciiltiiies of the oigaiiisin {SptuIJinn suuth) Appeaiance of 
glucose ascitic agai plate at the end of a week Xatuial si/e 

On opening the thoiax a bioad piecoidial suiface is exposed, the lung holders 
being well retracted to eiihei side Each pleural cavitc is about one-thiid full 
of clear, light, aiiibei -colored fluid There are no adhesions piesent The left 
liiiig neighs 50ff gm I ho suiface is smooth Theie aie some nicas of empinsema 
ilong the anteiioi border Ihe posterior and loner poitions aie congested On 
section the lung is bright led in coloi and modentelr edematous It is aii- 
containing and shows no aieas of consolidation The cessels aie clear and the 
bronchi normal The right lung neighs 560 gm It is similar in all icspccts to 
the other except that it is a little more congested 'Ihe bionchial hmph nodes 
arc model ateh pigmented but othcinise normal 

'Ihe pericardial sac contains about 300 cc of clear light anibei coloied fluid 
'Ihc pel icai dial sui faces iie smooth and glistening 3 lie right side of the heart 
IS moderateh enlaiged and contains postmoitem clot 'Ihe heait neiglis .jjO gm 
'Ihe triciipsid cahe admits the tips of four fingers 3 he cusps aie delicate and 
show no aegetations 'Ihe right lentiiciilar mil meisurcs G to S mm in thick- 
ness It ptvlc brown in coloi and somewhat miuhh in appeiianer lowaids 
the lower put of the ^cntllclo the nni<cle becomes more floiuh cellon in color 
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The pulmonaiv ^alve is delicate uul competent Iho left side of the heait is 
model ateh cnlaigcd The -wall of the ventiicle aveiages .ihout 15 cm m thick 
ness At a point about fi cm below the initial iing the lieait ninscle becomes 
dutl'\ellow in coloi in conliast to the inoie i eddish blown appeal ance above 
This aiea joins with the one in the light ventiicle Hie blanches of the coionan 
aiteiY suppl-sing this legion aie peifeetlj patent and thoie is no CMdeiice of an'^ 
thiQinbiis 'Jhe initial vahe appeals as a button-hole slit ^Iie cusps aic fused 
togethei thickened, inodeiatelj calcareous and somewhat leti acted, forming a 
rigid ling of tissue and causing a maiked stenosis of the orifice Along the line 
of closuie of the cusps and extending foi a shoit distance on then nppei and 
undei sill faces, tbeie aie nnmeions small soft legctations with a little siipei 



Fig 2 — Stained piepaiation fiom the oiiginal blood cultuie at the end of 
eight days (Magnification 1-190U ) 


ficial ulceiation On opening the aoita the site of the aoitic valve is maiked 
by a luce iiiegulai, caulifiowei like vegetation of soft consistence It is about 
the si/e of an English wMnnt and completely fills the oiifice with the exception 
of smill opening'^ thiough the vegetation itself One ot these openings is m 
fioiit, one behind and the thud through the middle of the mass The cusps aie 
much distorted ana fused togethei The vegetations do not invohe the wall ol 
the heart the papillary muscles oi chordae tendinae At the base of the aoita 
theie aie a few^ stieaks of yellowish atheroma The rest of the aoita is elastic 
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and modeiately smooth except m the lowei poition where theie aie a fe\\ chalkA 
deposits The openings of the coionaiy aitenes aie tiee fiom sclerosis In then 
conise thej' show a little scattered atheioraa but at no point is this inaiked noi 
IS then lumen obstiucted in any Avay 

The abdomen contains about 500 cc of cleai, ambei fluid The peiitoneal 
sin faces aic smooth and glistening The spleen iveighs 450 gm It is not adheient 
to the suiiounding stiuctuies On section it is daik puiplish-ied in coloi and 



Fig 3 — Sinned piepaiition fioni the origin il blood ciiltuic il tlie <iid of 
two week's (ilagmfication 1-1900 ) 

tlie splenic pulp 1 - \ei\ film the cut surface remaining perfect h fiat 'Jlieiean* 
no iiifaicts pie-eiit ilie luei weighs 1 050 gm Its suifacc is smooth consi- 
tenco film and tolor nuuhh brown On section it Ins tlie .ippe nance of cbroinc 
pissno coii"ei?tioii The call bladiler and ducts are norniil llie hff kidiiei 
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A\eig]is 200 gm Its capsule is shglilly 'ullieient Tlic smface is smootli and of 
noimal coloi The kiclnej' is fiini Kear the uppei pole theie is a small infarct 
On section the kidney has the appeal aiice of chionic passive congestion and cloudy 
spelling The pehis and uietei aie noinial Hie light kldnc^ weighs 170 gm 
It IS siinilai in all lespects to the othei except that thcie aie no infaicts piesent 
The adi dials appeal peifectly noimal 'J’he pancicas is ruin and of noimal coloi 
At its uidcst ])ait it iiieisuies G cm It appeals noimal on section The ducts 
aie noimal 'J lie esophagus, stomach and intestines show no change 'Jhe mesen 
feiic hiiiph nodes aic sliglith eiilaigcd The piostate and hladdci aic noimal 
I he biaiii was not examined 



Fig 4 — Pi epai ation fi om a deep ascitic glucose agai culture foi ty eight 
horns old Daik field illumination (Magnification 1 1100 ) 

Mwoscopical Examination — Heait muscle The peiicardium is a little 
edematous and shows some infiltration with mononucleai -wandering cells The 
muscle fibers just beneath the pericaidium and endocardium aie pale, swmllen 
and degeneiated In general, the heait muscle has the appeal ance of cloudt 
swelling C 01 1 esponding with the duty vellow'^ aiea desciibed on gross examm 
ation, the picture is quite different Here one sees many polymoiphonuclear 
leukocytes scatteied diffusely betiveen the muscle bundles and even betiveen the 
individual fibers They aie seen especially about the vessels and these are con 
chested and show many polymorphonuclear leukocytes in the lumina Some of the 
\mry small vessels aie thrombosed Many of the muscle fibers aie quite gianiilar 
and show no nuclei 
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Mitial and Aoitic Vegetations Sections sliow stiuctiueless, pinkisli mateiial 
with some filnin, blood-platelets and polj nioi phonueleai leukocytes In some 
aieas theie aie small hemoiihages Just beneath the fiee suifaces and evtending 
iiiegulaily tluoughout the vegetations, one sees man-^ dense masses and scatteied 
chimps of baeteiia With the hemoto\ylin eosin stain it is difficult to make out 
the foim of these oiganisms 

Lungs Show chionic passive congestion and edema 

Spleen Shovs nothing moie than uell inaiked chionic passne congestion 
Livci The same piocess is leiv niaikcd in the Inei fulh one-half of each 
lobule being affected Otheiwise, the livei cells shou cloudy spelling and some 
fatty infiltiation 



Fig 3 — Fiom an ascitic lluid fibsue cultuie co\cicd with pai ifliii oil len 
dajs old Daik hold illuniination (IMagnification 1-1100 ) 

Kidnc\ Iheie is a t^plcal infaict Iheie is also geneial congestion and 
cloudj swelling The glonieiuh weie caiefulh searched foi anv eMdences of tlie 
lesions winch ha\e been dosciibed as occuiiing with subieute %cge(atne endo 
cai dills but no such changes weie found 
Pincicas Xorinal 
Adi dials Xoiinal 

sp^cIitI:^s rKEr\Rrn with ri\A.Dm STAI^ 

Sections of the vegetations from the aoitic and mitral vahe= show a very 
sinking pictuie Scatteied Ihiough tlie section" are dense masses of hactcna 
st lined black In plicc" thc'C oiginmii" aie so deiiseh packed together that it 
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IS quite impossible to make out then foims ^Vllele tlicA .ue less numerous, 
one can see many slightly cuived bacilli, comm.i-and S shaped foims, thicker 
than in the piepaiations fioni cultiiies, owing to the impiegnation with silvei 
salt Hue and there in these elunips one can make out peifecth definite spiiilla 
of vaiying lengths In othei portions of the sections, one finds small chimps 
and isolated oiganisms Some of these appeal as beautiful spiiilla of fioni eight 
to ten tuins, othei s as commas and S shaped foims 

A study of these sections show’s the oiganism appealing in its vaiious foims 
as 111 cultuies 

Sections of the livei, spleen, hoait muscle, kidnei and panel eas stained bi the 
same method fail to show' anv of the oiganisms 
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not discauled, honcvei On the sivtli day, the supernatant fitnd in all tlnec 
flasks nas distinctly tin bid and theie was slight lieinohsis piesent On examin- 
ing hanging diop piepaiations, no fiee oiganisms could be seen but heie and 
there i\eie small clumps of gianulai inateiial 'these chimps lesemhlcd the pic 
tiue seen in fultures incubated foi foui oi fnc days whcie the led ceils have 
begun to bicak up, foiniing little masses of debus On the following day the 
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be seen to bieak away and move veiy actively across the field It was at fiist 
tliought that some veiy unusual contamination had taken place The tw'O othei 
flasks weie examined and a siniilai pictuie found in each The smaller spiiilla 
wGie veiy actively motile, tiaveling acioss the field so lapidly and at such vary- 
ing depths that it was veiy diflicult to follow them Ihe longer forms w^ere 
lather sluggish and stiff and showed very little flexibility of their bodies 

Drops of the bioth cultuie stained w’lth methylene blue or caibol-fuchsin 
show'ed the clumps alieady lefeiied to (See illustration ) These consisted of 
tangled ina'Jses of oiganisms, most of which appeared in the foim of small, 
slightly ciiived bacilli, commas and S-shaped foims Some w'eie so small as to 
appear like dots The cential poitions of these clumps w'eie quite thick and 
one recened the impiession of a gianulai mass without being able to trace the 
individual forms composing it Heie and there, one could make out one of 'the 
longei spiiilla and these could be well seen at the peiipheiy Some of the clumps 
weie quite small consisting of only a few spiiilla and commas 

Scatteied thiough tlie stained specimens weie many single organisms The 
smallest foims seen weic slightly cuived bacilli oi comma forms, a little 
thickened at the maxiiiium pait of the cune These aveiaged about 3 4 microns 
(0 0034 mm) in length Rathei moie common than these weie the S-shaped 
foims which had the appeal ance of tw'o of the comma forms united From these 
one could tiace laiious tinnsitions up to long spirilla measuring as much as 
23 5 microns (0 0235 nini ) in length One could find spnilla of throe or foui 
half turns, or tw’o S-shaped foims united by a veiy delicate thiead Some of the 
spiiilla had as mam as sixteen half tuins llic ends of these long forms weie 
noticeably pointed and one could make out delicate tiansparent areas lunning 
at right angles to the long axis The spiial turns weie not perfectly regular 
Some weie quite abiupt More often they weie moie giadual and the organisms 
w’ere slightly bent on themsehes As a rule the spirilla w'ere quite thin and 
delicate but theie w’eie many foims which w'eie moie unevenly stained giving 
paits of the cunes a slightly thickened appeaiance No spores could be demon- 
sti ated 

August 22, two dajs befoie the patient’s death, a third culture was taken 
All three flasks show'ed a pure culture of the same organism Tlie only diffei- 
ence from the pievious culture .vas that the spiiilla weie lecovered fiom the 
cultures one da-^ eailiei Following the positive cultuie, seveial blood smeais 
w'cre examined foi spiiilla wnth negative lesults 

SUBCULTURES 

Subeultuies weie taken on vaiious media and the lesults as given heie lepie- 
sent the geneial aveiage as found after a large numbci of cultures had been 
ex'amined 

Plain Bioth In tiventy-four horns theie is a veiy shglit, diffuse cloudiness 
wdth a slight sticky sediment at the bottom of the tube Stained preparations 
sliow manj slightly curved bacillary, comma- and S-shaped forms and a moderate 
number of short spiiilla, not exceeding six half turns 

In forty -eight houis the cloudiness becomes more marked The sediment at 
the bottom of the tube is much increased in amount and of whitish color It is 
quite sticky, and on tw'irling the tube it foims a long, tiee-like, whitish upshoot, 
lemainmg attached to the bottom of the tube wdien its uppei end has reached the 
top A little more vigoious shaking fiees it and breaks it up Stained smears 
now show numerous spirilla, many of which are quite long 

On longei incubation the appeaiance does not change appreciably, the sedi- 
ment merely showing a model ate inciease Motility continues for as long as three 
weeks in incubated bioth tubes Aftei this time it gradually dies out 

In broth as in the othei cultures, the average time and appeaiance of the 
growth IS given When fiist isolated, the oiganism took much longer to grow 
and the growth was much moie delicate and sparse 
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Glucose Broth No giowth m twenty-four hours At tlie end of forty eight 
hours, there is a very slight cloudiness in the open arm of the fermentation tube, 
but none in the closed arm No gas is formed Smeais show the short forms 
and a few spirilla of about foui half turns By the end of a week the broth 
becomes more turbid and there is a little whitish sediment on the sides of the 
tube which separates out into little sticky thieads on shaking No growth in 
the closed arm of the tube and no gas 

Lactose Broth Follows the appearance of the glucose broth in eveiy detail 
No gas 19 formed 

Litmus Milk Tubes freely inoculated with the oiganism never showed any 
change and it was never possible to demonstrate any giowth in this media 

Inulin Not feimented 

Ascitic Glucose Agar This was the most favorable medium found However, 
mediums made from different samples of ascitic fluid did not prove equally favor- 
able In fact, at times the organism ivould not grow at all on some of the sam- 
ples and was finally lost in this way 

At the end of twenty-four hours there are a few minute, semi-transparent, 
dew-like colonies with a very slight whitish sediment in the w'ater of condensation 
Smears at this time show only the small bacillary and comma forms In forty 
eight hours the colonies are slightly larger Older cultuies show a gradual 
increase in the size of the colonies up to one-half oi three quarters of a cm in 
diameter They are round with a seriated or ii regular border The margins 
are clean cut They are distinctly raised above the surface of the medium and 
are of a dirty white color With the light shining through, the centers appear 
thick and browmish, the peripheiy white and more translucent Undei the low 
power of the microscope, the margins appear slightly raised There is a sugges- 
tion of radiating lines from the periphery to the center The sediment in the 
water of condensation becomes very sticky and rolled up into a little ball-like 
clump which can be separated out on shaking The growdh on the surface of 
the medium becomes quite tenacious The superficial part can be easily removed 
with the platinum wire, leaving an area of the same size, translucent in appear- 
ance which cannot be removed without taking the medium with it 

Glucose Agai The appearances here aie the same as with the ascitic agai, 
but it takes the colonies about twenty-four hours longer to develop, they are 
never as numerous, and they do not reach the same size 

Plain Agar The only difference from the above is that the growth is slower, 
more uncertain and never as profuse Many times on this medium the organism 
fails to grow at all 

Blood Agar In from twenty-four to forty eight houi s, minute whitish 
colonies appear, the red of the medium shining through They are glistening 
in appearance Smears show the same picture as in the case of the ascitic agar 
colonies at the same time At the end of a week the colonies reach a size of 
from 3 to 4 mm in diameter In appearance these colonies do not differ from 
those on ascitic agar 

Loeffler’s Blood Serum The growth is generally slow and not profuse The 
appearances are the same as with the other solid media 

The organism did not produce indol, did not liquefy gelatin and did not con 
form to the cultural characteristics of the spirillum of cholera 

Anaerobic Cultures The oiganism is a facultative anaerobe It grows fairly 
well under anaerobic conditions, appearing as a dirty white, non-transparent 
cloud in the media The colonies appear somewhat granular and show a tendency 
to grow between the column of agar and the side of the tube When grown under 
these conditions the organisms aie apt to show moie regular curves and to 
occur m longer filaments 
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Ammal Inoculations White rats, guinea-pigs, and rabbits were inoculated 
intrapentoneally and antra\enously witb 0 5 and 1 cc of a twenty-four-bour 
brotb culture without causing any symptoms At the end of three months these 
animals were killed and no lesions were found The organism could not he 
recovered from the blood at this time Unfortimately these experiments could 
not he repeated as the oiganism died out and was lost 

STAINING 

The organism stains well with the ordinary anilin dyes, but the best results 
are obtained with carhol-fuchsin It is Gram-negative Spreads made with India 
ink shou up especially well and the organism can he ivell studied by means of 
the dark held illumination 

SmOIAEY 

We are fully awaie that the leport of any new organism is always 
open to the criticism of being a contamination or some secondary 
infection, having no causal relationship to the disease in question In 
spite of this, however, we believe that it is of great importance to report 
any such organisms where there is apparently just ground for considering 
them pathogenic It calls attention to new possibilities and places on 
record a description of the organism for future reference and comparison 

In the present case, tlie oiganism in question seems to be fairly well 
established as the cause of the disease The blood-culture results were 
\ciy satisfactory On two separate occasions, with about ten days inter- 
vening, three broth flasks showed a puie growth of the organism A third 
culture, the first one taken, was discarded as sterile on the fifth day 
This was two days before the second culture showed a growth and one 
day before the last cultui e was positive It is possible that had it been 
kept, it, too, would have been positive 

At autopsy, the same organism was obtamed from the blood, liver 
and cardiac vegetations, several times in pure culture, in the other 
instances in association with the usual autopsy organism, the colon 
bacillus 

Smears of the vegetations showed the organism very definitely No 
othei variety of bacteria was seen in these smears Sections of the 
vegetations also showed the organism very well and agam no other 
bacteria could be identified 

The animal inoculations were not so satisfactory They were carried 
out on only a limited scale and gave only negative results As mentioned 
above, these experiments could not be repeated owing to the loss of the 
organism 

One of the striking thmgs about the case was the fact that the blood- 
cultures did not become positive until after the time when they are 
usually discarded It would seem advisable, in the light of this experi- 
ence, to keep all blood cultures from unusual cases or those running a 
temperature for moie than five days 
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not diseaided, howevei On the sixth dav, the supernatant fluid in all thiee 
flasks uas distinctly tin hid and theie was slight heniohsis present On examin 
mg hanging diop piepaiations, no fiee oiganisins could he seen hut heie and 
there ueie small clumps of gianulai mateiial 'these clumps resembled the pic 
true seen in cultures incubated foi foui oi five days where the icd cells have 
begun to bieak up, foiming little masses of debus On the following dav the 



Fig 8 — Section of aoitic vegetation stained by the Levaditi method It 
shows a spii ilium just to the left of the middle, lathei thickly coated with 
silver salt In the uppei light hand cornei theie is an S shaped foim and in 
the lowei left hand coiner a comma form (Magnification 1 1900 ) 


seienth fiom the time of taking the cultuies, hanging diop piepaiations showed 
flee spiiilla making their way actively acioss the field Theie weie also many 
of the gianulai clumps «imilai to those seen on the previous day Fiom the 
peiipheiy of these clumps, numeious spiiilla pi ejected and occasionally one could 
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be seen to bieak away and move veiy actively acioss the field It was at fiist 
thought that some veiy unusual contamination had taken place The two othei 
fiasks w^ere examined and a siinilai pictiiie found in each The smaller spiiilla 
weie very actively motile, traveling acioss the field so lapidly and at such varj”^- 
ing depths that it was very difficult to follow them The longei foims W'eie 
lather sluggish and stiff and showed very little flexibility of their bodies 

Diops of the bioth cultuie stained wutli methylene blue or carbol-fuchsin 
showed the clumps alieady lefeiied to (See illustiation ) These consisted of 
tangled masses of oiganisms, most of wdiich appeared in the foira of small, 
slightly curved bacilli, commas and S shaped forms Some w'eie so small as to 
appear like dots The cential poitions of these clumps w'cre quite thick and 
one recened the impiession of a gianulai mass without being able to trace the 
individual forms composing it Heie and there, one could make out one of the 
longci spiiilla and these could be well seen at the peiipheij Some of the clumps 
weie quite small consisting of only a few spiiilla and commas 

Scattered thiough the stained specimens were many single organisms The 
smallest forms seen weie slightly curved bacilli oi comma forms, a little 
thickened at the maximum pait of the cune These aveiaged about 3 4 micions 
(0 0034 mm ) in length Ilathei moie common than these weie the S shaped 
foims which had the appearance of tw’O of the comma foims united From these 
one could trace ^allOus tiansitions up to long spirilla measuring as much as 
23 5 microns (0 0235 mm ) in length One could find spiiilla of three or foui 
half turns, or two S shaped foims united bv a very delicate thiead Some of the 
spirilla had as man> as sixteen half tin ns I he ends of these long forms were 
noticeably pointed and one could make out delicate tiansparent areas running 
at right angles to the long axis Ihe spiial tuins weie not perfectly regulai 
Some were quite abiupt More often they weie more gradual and the organisms 
w'ere slightly bent on themselves As a lule the spirilla w^eie quite thin and 
delicate, but theie weie many forms which w'Cre more unevenly stained giving 
paits of the curves a slightlv thickened appeaiance No spores could be demon- 
stiated 

August 22, two daj's befoic the patient’s death, a thud cultuie was taken. 
All three flasks showed a puie culture of the same oiganism The only diffei- 
ence from the pievious cultuie w'as that the spiiilla w^eie lecovered fiom the 
cultuies one da-^ eailiei Following the positive cultuie, seveial blood-smeais 
wcie examined foi spiiilla wuth negatne results 

SUnCULTUKDS 

iSubeultuies weie taken on various media and the lesults as given heie lepie- 
sent the geneial aveiage as found after a laige nunibei of cultures had been 
examined 

Plain Bioth In tw'enty-four houis theie is a veiy slight, difluse cloudiness 
w'lth a slight sticky sediment at the bottom of the tube Stained preparations 
show manj slightly curved bacillaiy, comma- and S shaped forms and a moderate 
number of shoit spiiilla, not exceeding six half turns 

In foity -eight houis the cloudiness becomes more niaiked The sediment at 
the bottom of the tube is much increased in amount and of whitish color It is 
quite sticky, and on tw'irling the tube it foims a long, tree-like, whitish upshoot, 
lemaining attached to the bottom of the tube wdien its uppei end has reached the 
top A little moie vigoious shaking fiees it and breaks it up Stained smears 
now' show numeious spiiilla, many of which are quite long 

On longei incubation the appeaiance does not change appieciably, the sedi- 
ment merely showing a modeiate increase Motility continues for as long as three 
weeks in incubated broth tubes After this time it gradually dies out 

In bioth as in the other cultures, the average time and appeaiance of the 
growth IS given When fiist isolated, the oiganism took much longer to grow 
and the growth wxas much moie delicate and sparse 
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Glucose Broth No growth in twenty-four hours At the end of forty eight 
hours, there is a very slight cloudiness m the open arm of the fermentation tube, 
but none in the closed arm No gas is formed Smears show the short forms 
and a few spirilla of about foui half turns By the end of a week the broth 
becomes more turbid and there is a little whitish sediment on the sides of the 
tube which separates out into little sticky threads on shaking No growth in 
the closed arm of the tube and no gas 

Lactose Broth Follows the appearance of the glucose broth in eveiy detail 
No gas IS formed 

Litmus Milk Tubes freely inoculated with the organism never showed any 
change and it was never possible to demonstrate any giowtli in this media 

Inulin Not fermented 

Ascitic Glucose Agar This was the most favorable medium found Howevei, 
mediums made from different samples of ascitic fluid did not prove equally favor- 
able In fact, at times the organism would not giow at all on some of the sam- 
ples and was finally lost in this way 

At the end of twenty -four hours there are a few minute, semi-transpaient, 
dew-like colonies with a very slight whitish sediment in the water of condensation 
Smears at this time show only the small bacillary and comma forms In forty 
eight hours the colonies are slightly larger Older cultures show a gradual 
increase in the swe of the colonies up to one-half oi thi ee quarters of a cm in 
diameter They are round with a seriated or iriegular border The margins 
are clean cut They are distinctly raised above the surface of the medium and 
are of a dirty white color With the light shining through, the centers appear 
thick and brownish, the periphery white and more translucent Undei the low 
power of the microscope, the margins appear slightly raised There is a sugges- 
tion of radiating lines from the peiiphery to the center The sediment in the 
water of condensation becomes very sticky and rolled up into a little ball-like 
clump which can be separated out on shaking The growth on the surface of 
the medium becomes quite tenacious The superficial part can be easily removed 
with the platinum wire, leaving an area of the same swe, tianslucent in appear 
ance which cannot be removed without taking the medium vith it 

Glucose Agar The appearances here aie the same as with the ascitic agai, 
but it takes the colomes about twenty-four hours longer to develop, they aie 
never as numerous, and they do not reach the same size 

Plain Agar The only difference from the above is that the growth is slower, 
more uncertain and never as profuse Many times on this medium the organism 
fails to grow at all 

Blood Agar In from twenty-four to foity-eight houis, minute whitish 
colonies appear, the red of the medium shining thiough They are glistening 
in appearance Smears show the same picture as in the case of the ascitic agar 
colonies at the same time At the end of a week the colonies reach a size of 
from 3 to 4 mm in diameter In appearance these colonies do not differ from 
those on ascitic agar 

Loeffler’s Blood Serum The growth is generally slow and not profuse The 
appearances are the same as with the othei solid media 

The organism did not produce indol, did not liquefy gelatin and did not con 
form to the cultural characteristics of the spirillum of cholera 

Anaerobic Cultures The organism is a facultative anaerobe It grows fairly 
well under anaerobic conditions, appearing as a dirty white non-transparent 
cloud in the media The colonies appear somewhat granular and show a tendency 
to grow between the column of agar and the side of the tube When grown under 
these conditions the organisms are apt to show moie regular curves and to 
occur in longer filaments 
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Animal Inoculations White rats, guinea-pigs, and rabbits were inoculated 
intraperitoneally and intravenously with 0 5 and 1 c c of a twenty-four-hour 
broth culture without causing any symptoms At the end of three months these 
animals were killed and no lesions were found The organism could not he 
recovered from the blood at this time Unfortimately these experiments could 
not be repeated as the organism died out and was lost 

STAINING 

The organism stains well with the ordinary anilin dyes, hut the best results 
are obtained with carhol-fuchsin It is Gram-negative Spreads made with India 
ink show up especially well and the organism can be well studied by means of 
the dark field illumination 

SUMMARY 

We are fully awaie that the leport of any new organism is always 
open to the criticism of being a contamination or some secondaiy 
infection, having no causal relationship to the disease in question In 
spite of this, however, we believe that it is of great importance to report 
any such organisms where there is apparently just giound for considering 
them pathogenic It calls attention to new possibilities and places on 
record a description of the organism for future reference and comparison 

In the present case, tlie oiganism in question seems to be fairly well 
established as the cause of the disease The blood-culture results were 
veiy satisfactory On tivo separate occasions, with about ten days intei- 
vening, three broth flasks showed a puie groivtli of the oiganism A third 
culture, the flrst one taken, was discarded as sterile on the fifth day 
This was tv^o days befoie the second culture showed a growtli and one 
day before the last cultuie was positive It is possible that had it been 
kept, it, too, would have been positive 

At autopsy, the same organism was obtamed fiom the blood, liver 
and caidiac vegetations, several times m pure culture, in the other 
instances in association with the usual autopsy organism, the colon 
bacillus 

SmeaiE of the vegetations showed the organism very definitely Ho 
othei variety of bacteria was seen m these smears Sections of the 
vegetations also showed the organism very well and agam no other 
bacteria could be identified 

The animal inoculations were not so satisfactoiy They were carried 
out on only a limited scale and gave only negative results As mentioned 
above, these experiments could not be repeated owing to the loss of the 
orgamsm 

One of the striking things about the case was the fact that the blood- 
cultures did not become positive until after the time when they are 
usually discarded It would seem advisable, in the light of this experi- 
ence, to keep aU blood cultures from unusual cases or those running a 
temperature for more than five days 
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We have been unable to find any lefeience to an oiganism similai to 
the one found in this case and have ventuied to give it the name Spirillum 
suiati, aftei the name of the locality in which the disease was presumably 
contracted 

In conclusion, we wish to express oui deep appreciation to Di 
ISFoguchi foi his valuable assistance in the study of the organism and the 
preparation of this lepoit 



A CASE OE SPIRILLUM INEECTIOISr 


WILLARD B SOPER, MD 

NEW YORK 

The following case, while lacking antopsy confiimation, is of con- 
sideiahle interest when eonsideied in conjunction with the case reported 
in this issue by Dis Lamb and Paton Like this, it suggests a foim of 
infection probably overlooked not veiy infrequently 

Case Etstoiy — !Male aged 43, Anierican, widower, occupation, designer 
Admitted to Piesbyteiian Hospital September 23, 1912 

Family History — No beaiing 

Past History — Always notably uell except for typhoid fever in 1895, and two 
attacks of malaiia in 1911 and July 1912, respectively, parasites having been 
found 

Hahtis — Moderate usei of alcohol, heavy user of tobacco No genito ui inary 
history obtained 

Present Illness — Onset sudden on September 2, twenty-one days before admis- 
sion, with severe nausea, vomiting and inability to retain any food or watei 
These symptoms continued for five days, at the end of which feme the stomach 
was again apparently normal On September 20, three days before admission, 
the same symptoms lecuired, this time with moderate jaundice on the second 
day Stools were of light color in the beginning, but soon became of normal color 
Urine became and continued dark Tlieie Avas some tenderness under the right 
costal margin, but no pain ladiating from this region There Avas, however, sharp 
pain about the left scapular spine radiating to the left inner arm, also a distinct 
feeling of oppression about the upper chest 

On admission the phvsical examination shoAved a Avell-developed middle aged 
man, quite prostrated, Avithout dyspnea He Avas slightly jaundiced The teeth 
were in excellent condition, tonsils not enlarged, neck not stiff The lungs showed a 
fcAV subcrepitant rJles at the right base posterioily, otherAvise they are described 
as negative The heart apex impulse Avas neither seen noi felt, no sounds were 
to be heard at any point, no adventitious sounds weie heard The area of cardiac 
dulness aa'rs greatly enlaiged, extending on the right in the fouith space to 7 cm 
to the right of the mid-lino, in the fifth space 8 cm to the right of the mid-line 
The left limit of dulness in the third space Avas 10 cm to the left of the mid- 
hne, in the fourth space 11 5 cm to the left of the mid-line, in the fifth space 
] 2 cm to the left of the mid-line The pulses Avere equal and small, their tension 
seemed loAV, there Avas intermission about each fifth to sixth beat The liver 
dulness extended up to the fourth space, Avitli flatness from the sixth iib to the 
costal margin BeloAV the right costal maigin there was a globular mass, slightly 
tender on palpation, dull, almost flat on percussion The spleen Avas not felt 
The abdomen was otheiAvise negative The extremities were normal 

A tentative diagnosis was made of cholecystitis and pericarditis with effusion 
A radiograph taken on the folloAVing day revealed the folloAVing condition, the 
leport being given verbatim 

^From the Pathological Laboiatoiy, Piesbyteiian Hospital, Columbia Univer- 
sity, New York 
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“Examination not veiy satisfactory on account of condition of patient, no 
calculi made out in gall-bladder, heart is very large and dilated, further than 
this, examination not satisfactory ” 

CUmcal Course — September 27 theie were signs of fluid at the right base 
posteriorly, the chest was aspirated and about 36 ounces of clear, amber fluid 
was obtained An examination of this fluid was as follows 

Quantity, 770 cc Specific gravity, 1011 Sediment, bloody Differential 
of 100 cells Eolymorphonuclears, 8 per cent , lymphocytes, 42 per cent , 
endothelial cells, 50 per cent Sodium chlorid 572, which equals 4 4 gram total 
Reaction for bile, positive No bacteria found in sediment by centrifuge 

September 28 a needle was inserted into the pericardial sac in the fifth space, 
11 cm to the left of the mid-line A bloody, gelatinous fluid was obtained, show- 
ing under the micioscope many blood and pus cells and a fair number of spirilla, 
no other bacteiia This fluid was sterile aerobically on both broth and Loeffler’s 
blood-serum 

At 9 p m on the same daj', thoracotomy was done and the pericardium drained, 
30 c c of bloody pus flowed from the pericardial sac Examination was as 
follows 

Rolymorphonuclears, 90 per cent , large mononuclears, 1 per cent , lympho- 
cytes, 1 per cent , endothelial cells, 2 per cent Sediment about 7 per cent , 
consisting roughly of one third pus and two-thirds blood-cells Three clear cut 
spirilla found No other bacteria Cultures on glucose agar, ascitic glucose 
agar and broth aerobically sterile 

September 29, left chest aspirated, 26 ounces of bloody fluid obtained Smears 
showed a few spirilla identical -with those previously found, no other bacteria, 
no tubercle bacilli Cultures, aerobic broth sterile, glucose agar sterile 

October 3, left chest again aspirated and 5 ounces obtained identical with that 
of September 29 

October 7, tender swelling of the right parotid gland October 8, the right 
gland subsiding, the left parotid now somewhat swollen From this point on 
the patient weakened steadily until death intervened on October 11 

Five blood-counts made during his stay showed as follows 
On admission 

White blood-cells, 15,000, polymorphonuclears, 73 per cent 
September 30 

White blood-cells, 34,000, polymorphonuclears, 91 per cent 
October 5 

White blood-cells, 15,200, polymorphonuclears, 81 per cent 
October 7 

White blood-cells, 24,400, polymorphonuclears, 84 per cent 
October 10 

White blood cells, 41,000 , polymorphonuclears, 81 per cent 
Bosinophilb were never found, nor were any abnormal cells found The 
temperature was on admission 103 F , it fell gradually to normal, reaching that 
point on the sixth day It then gradually rose for seven days and finally, dur- 
ing the last week, was of a septic type, but low — 99 to 100 F 

This ease was, m the begmning, considered as having its origin below 
the diaphragm as a process which had extended upward It was also 
piesumed to be due to some ordmary pyogenic organism The assump- 
tion that the origmal infection Avas below the diaphragm was piobably 
correct, but repeatedly sterile cultures and the absence of any organisms, 
save the spirilla, from the smears make the supposition of a pure 
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spiTilluin infection stiong Unfortunately, the condition of the patient 
was such that it seemed inadvisable to take a blood culture 

DESCEIPTIOK OE OEGANISM — MOEPHOLOGY 

The organism is apparently a spn ilium, being made up of segments 
lying end to end These segments average 0 3 to 0 5 micron in width, 
and 1 micron in length , then ends are rather abruptly blunt , the waves 
are regular, rectangular, the wave length avei aging 1.2 micron 

Cultures In the beginning these organisms were found to be 
anaerobic, no growth being obtained on any of the ordinary culture 
media aerobically Anaeiobic grmvth, howevei, was obtained on the 
special medium devised by Noguchi foi the cultivation of S palhda 
After giowth on this medium the organism was found to be increasingly 
aeiobic On this special anaerobic medium there was no coagulation of 
the piotem material and no foimation of gas The odor was a faint 
musty one, otherwise not unpleasant The subsequent aerobic growth 
showed on ascitic agai plates deep colonies which were of a punctate and 
opaque foim Supeificial colonies were about 1 mm in diameter, of 
regular outline and of an opaque, gra3'ish white color. In all fluid media, 
in which there was to a large extent, exclusion of oxygen, by layering 
with paraffin oil, theie was foinied a deposit of faint color, m the form of 
a ring about the tube, between the medium and the overlying oil As a 
general rule, the organism was shorter in anaerobic media The shorter 
forms, which were often unicellular or composed of only two or three 
segments, were actively motile, both backward and forward, moving with 
equal facility and with an extremely rapid lateral vibration In longer 
spirilla, made up from eight to twelve organisms, motility was sluggish, 
rather rigid, with very little flexibility The motion was of a forward, 
zig-zag type, the spirilla moving as a rigid whole The short anaerobic 
form, giown on the ascitic broth tissue medium, after one week became 
consideiably longer, then appearing as a rule as a spirillum of about the 
same length as found in the smears of the original pus 

ANmAL INOCULATIONS 

The original pus and cultures were put into the following animals 
with no apparent effect Eabbits, intravenously, guinea-pigs, intrapen- 
toneally , rabbits, by injection into the testicle 

Eor the privilege of reporting this case I am indebted to Dr George Tuttle 
Also I desire to thank Dr Hideyo Noguchi for very great assistance in the study 
of the organism 



STUDIES OU SULPHUE METABOLISM I THE UKINARY 
SULPHUR PARTITION IN VARIOUS 
DISEASES - 


NORBERT STADTMuLLER, MD, and JACOB ROSENELOOM, MB, PhD 

NEW yOKK PITTSBUBQH 


I INTRODDCTIOjST 

As IS well known, the unnaiy sulplmi is made up of the sulphates, 
both moiganic and etheieal, and ceitam less highl}^ oxidized compounds, 
winch aie called, following Sallcowski’s^ suggestion, “neutral sulphur” 
The neutral sulphur compounds are many and include the following 
urofemc acid," uioprotoic acid,^ oxj^proteie acid,^ uiochrome,® thiocyamc 
acid and its salts,® eystin and siinilai substances," taiiiin and taurin- 
caibamic acid,^ methyl meicaptan,® ethyl sulphid,® thiosiilphuric acid^® 
and sulphuious acid 

Many of the above mentioned substances contain nitiogen in a foim 
which would be included undei the teim colloidal nitrogen, and on that 
account one would expect in those cases in ivhich the mine contains an 
increased amount of colloidal nitiogen, theie would also be an increase 
in the neutral sulphui of the uiine 

It has been known foi some time that the colloidal nitiogen of the 
mine is in ci eased in cancer^- and theie is leason to believe that the 


* From the German Hospital and Dispensary, New York 

'^Submitted for publication May 31, 1013 

1 Virchows Arch f path Anat , 1873, Iviii, 472 

2 Ztsehr physiol Chem , 1903, a-wmi, 251 

3 Arch f expel Path u Phaim, 1897, xl, 29 

4 Centralbl f d med Wissensch , 1897, p 577 , Bei d Deutsch chem 
Gesellsch , 1902, xxxv, 2959 , Ztschi f physiol Chem , 1905, xlv, 83 , Pflugers 
Arch f d ges Physiol , 1899, Ixxv, 87 

5 Ztsehr f physiol Chem , 1907, In , 204 

6 Proc Roy Soc London, 1870 xvi, IS, Vn chows Aich f path Anat, 
Ixix, 354 

7 Ztsehr f physiol Chem, 1885, ix, 125, 1888, xii, 254 

8 Aich f exper Path u Phaim, 1891, xxviii, 206 

9 Ztschi f physiol Chem , 1894, xx, 253 

10 Ergebn d Physiol 1902, i, 458 

11 Strumpell Arch d Heilk , 1870 (Quoted fiom Mann, Physiology and 
Pathology of the Urine, 1908, p 18 ) 

12 Topfer Wien klin Wchnschr , 1892, v, 49, Boiidzynski and Gottlieb 
Centralbl f d med Wissensch, 1897, xxxv, 577, Salkowski Berl klin 
Wchnschr, 1910, xlvii, 1746, Hess and Saxl Beitr z Carcinomforsch , 1910, 
Part 2, Salkowski and Kojo Berl klin Wchnschr, 1910, xlvii, 2297, Ko]o 
Ztsehr f physiol Chem, 1911, Ixxiii, 416, Einliom, Kahn and Rosenbloom 
Am Jour Gastro Enter , 1911, i, 2 Arch f Verdauungski , 1911, xvii, 557 , 
Kahn and Rosenbloom Biochem Bull . 1912, ii, 87 Dr Rosenbloom is studying 
the relation between “acidosis” and the amount of colloidal nitrogen in the uiine 
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iieutial sulphui of the mine is also ineieased m cancel Weiss^® in a 
thoiongli study has found a high ineiease in the amount of neutral 
sulphui excieted by patients with caicmoma His paper also contains a 
list of all of the neutial sulphui estimations that have been made on 
mine from patients suffeiing from various diseases Salomon and SaxP'^ 
claim that the mine of carcinomatous individuals contains a neutral 
sulphui constituent, the sulphur of which can be split ofl! by means of 
hydiogen peioxid They found that urine contaming this substance 
yielded 0 01-0 018 giams of BaSO^ fiom this sulphur per 100 c c of 
uime Muiachd*^ also found this type of sulphur substances present in 
the mine of cancel patients He claims it may compose as high as 3 8 
per cent of the total sulphur of the urine and that it belongs to the 
neutral suljihui fi action Petersen/® m studying this reaction, found it 
to be positive in case of cancer Weiss,^^ using the Polin methods of 
estimation of the sulphur paitition of the urine, found in normal men 
that the neutial sulphui was fiom 12 to 40 pei cent of the total sulphui, 
the average being 16 5 pei cent He thinks a pait of the neutral sulphui 
has an exogenous oiigin, but the greater pait is endogenous, and that anv 
condition causing an iiici eased destruction of body protein causes an 
inci eased excietion of the neutial sulphui of the urine He found that 
there was a marked increase in the neutral sulphur of urine fiom patients 
suffering fiom tubciculosis, while in carcinoma the neutial sulphur was 
fiom 20 3 to 36 4 per cent of the total sulphur Guitaro^'^ found that in 
normal adult men the neutial sulphui of the mine was 19 41 per cent of 
the total sulphui and in normal adult women it was 21 14 pei cent of 
the total sulphui 

Oui woik was earned out with the hope that we might he able to find 
that the increased neutral sulphur of the uiine from patients suffering 
fiom cancer, would piove a leliable aid in the diagnosis of cancer 

II METHODS 

The patients leceived the oidmaiy hospital diet, unless otheiwise 
stated The urine was collected m twenty-four-hom periods, using 
powdered thymol as a preseivative The total sulphur of the urine was 
estimated by Benedicfs^® method, the total and inoiganic sulphates by 
Folin^s method The ethereal sulphates were computed by subtracting 
the moiganic sulphates from the total sulphates, and the neutial sulphm 

13 Weiss Biocliem Ztsclii , 1910, xxvii, 175 

14 Saxl Deutseli med Wclinsclii , 1912, xxxviii, 53 

15 Muraclii Biocliem Ztsclir , 1912, xli, 138 

16 Petersen Deutseli med Wclinsclir , 1912, xxxviii, 1536 

17 Guitaro Eiv crit elm med , 1910, x, 593 

18 Join Biol Cliem , 1909, vi, 363 

19 Join Biol Chem , 1905 06, i, 13 
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was computed by subtracting the total sulphate-sulphur from the total 
sulphur. The accompanying tables contain the data obtained m this 
study 

DISCUSSION OF TABLE 1 

In the nine cases of diabetes studied the neutial sulphur was increased 
with the exception of Case 4 This case was a mild type, the urine being 
sugar flee when the patient was on a caibohydrate free diet The other 
cases were of the severe type with the exception of Case 7 It is mterestmg 
to note that the colloidal nitrogen of the urine has been found to be 
increased also m cases of diabetes In this senes of estimations the 
average daily total sulphui excretion is 0 94 gm , the average neutral 
sulphur IS 0 21 gm , oi 22 3 per cent of the total sulphur 

DISCUSSION OF TABLE 2 

It may be noted that in the thirteen cases of cancer the neutral 
sulphui of the urine is consistently high both in amount and in propor- 
tion to the total sulphui of the uime, with the exception of Case 18, 
in which the neutral sulphur is not increased In these cases of car- 
cinoma the lowest neutral sulphui excretion is 0 05 gm , and the highest 
0 76 gm In relation to the proportion of total sulphur excreted as 
neutral sulphur, the lowest is 6 2 per cent and the highest 67 9 per cent 
While the aveiage total sulphur excreted is 0 88 gm , the average neutral 
sulphur IS 0 20 gm oi 23 1 per cent of the total sulphur 

DISCUSSION OF TABLE 3 

A marked increase in the neutral sulphur of the urine was found in 
one case of interstitial nephritis, m one case of lobai pneumonia and in 
one case of hypopituitarism In one case of interstitial nephiitis and in 
one case of pneumonia it was not in ci eased Very low neutral sulphur 
excretions were found in two cases of chronic lead poisoning In two 
eases of chronic appendicitis there was no increase In one ease of 
bronchial asthma there was a slight increase In one case of hepatic 
abscess and in one case of syphilitic hepatitis there was no increase In 
one case of perihepatitis and in one case of cholelithiasis there was an 
increase of the neutral sulphui of the mine, only when bile was excreted 
in the urine In one case of typhoid fever, of chronic myocarditis with 
broken compensation, and one case of gastroptosis and gastric dilatation, 
there was no increased neutral sulphur excretion 

20 Einliorn, Kahn and Kosenbloom Am Jour Gastro-Enter , 1911, i, 2, 
Archiv f Verdauungskr , 1911, xvn, 657 

21 It IS to be remembered that this case clinically resembled carcinoma of 
the stomach It is possible, however, that the diagnosis was wrong Unfortu- 
nately we were not able to follow the case to operation 



TABLE 1 — ^The Ubinaky Suephtjb Paetition in Diabetes Mellitus 


Case No 

Date 

Total Sulphui, gm 

Sulphate Sulphur, gm 

Ethereal Sulphate 
Sulphur, gm 

1 

Inorganic Sulphate 
Sulphur, gm 

Neutral Sulphur, gm 

'Sulphate Sulphur — 
Total Sulphur, Pet 

Ethereal Sulphate C — 
Total Sulphur, Pet 

Inorg Sulphate S — 
Total Sulphur, Pet 

Neutral Sulphur — 

Total Sulphur, Pet 

Diagnosis and Remarks 

1 

G/27 

1 04 


0 059 

0 829 


85 5 

6 6 

79 9 

14 5 

Diabetes mellitus with gan- 

1 

7/6 

1 52 

0 98 ! 

raiSM 


0 538 

64 8 

58 

69 0 

35 4 

grene of toe, patient on 

1 

7/7 

1 16 

mm 


1 Z ) 

0 332 

714 

68 

64 6 

28 6 

s 1 r 1 e t antidiabetie diet 

1 

7/8 

0 91 

ms 


f iX* f 

1 lx* > 

0 139 

84 7 

95 

75 2 

15 2 

Urine still eontains sugar 

1 

7/9 

1 20 


0 045 ! 

' ^ • 

0 130 

89 1 

37 

85 4 

10 8 

1 

7/10 

1 98 




0 130 

93 4 

76 

85 8 

65 


1 

7/n 

1 31 

1 15 

UlIgM 

I B : 

0 160 

87 7 

2 1 

85 6 

12 2 


1 

7/12 

130 

1 15 


1 Si! I 

0150 

88 4 

68 

81 6 

11 5 


1 

7/13 

1 01 

|iK«a 


0 773 

0 150 

85 1 

86 

76 5 

14 8 


o 

7/8 

0 893 


DltM4 

0 580 

0 258 

711 

62 

64 9 

28 8 

Diabetes mellitus Strict 

2 

7/9 

0 871 



0 491 

0 352 

69 6 

32 

56 4 

40 4 

anti-diabetic diet Urine 

2 

7/10 

0 583 



0 454 

0 093 

86 2 

28 

83 4 

15 9 

still contains sugar 

2 

7/12 

1 320 



0 949 

0 357 

72 9 

1 1 

71 8 

27 1 

2 

7/13 

0 737 


USBrn 

0 590 

0 133 

819 

19 

80 0 

18 1 


2 

7/14 

0 589 


EESI 

0 461 

0 114 

80 8 

24 

78 4 

19 4 


2 

7/15 

0 750 


imiiii 

0 610 

0 127 

83 1 

17 

814 

16 9 


3 

6/27 

161 

1216 

EESI 

1 143 

0 394 

75 5 

4 53 

70 97 

24 4 

Diabetes mellitus with gan- 

3 

6/28 

0 872 

EH 


0 614 

0 246 

718 

10 6 

61 2 

28 2 

giene of foot Strict anti- 

3 

7/6 

1686 

IHI 

0 091 

1 109 

0 486 

71 1 

54 

65 7 

28 8 

diabetic diet Urine still 

3 

7/7 

0 369 



0 199 

0 143 

61 3 

73 

54 0 

38 8 

contains sugar 

3 

7/8 

0 454 



0 190 

0 213 

53 1 

112 

41 9 

46 9 


3 

7/9 



Bn ^ 

0 852 

0 255 

77 2 

1 16 

76 04 

22 8 


3 

7/10 



Bn ^ 

0 891 

0 211 

82 4 

81 

74 3 

17 5 


3 

7/11 

0 554 



0 285 

0 267 

518 

36 

48 2 

48 2 


3 

7/12 




1 029 

0 314 

77 6 

43 

73 3 

22 4 


4 

7/6 

0 84 



0 76 

0 05 

94 0 

3 0 

90 4 

59 

Diabetes mellitus with gan- 

4 

7/8 

1 12 



1 034 

0 07 

93 8 

1 4 

92 4 

62 

grene of foot Stiict anti- 

4 

7/9 




0 545 

0 056 

91 6 

98 

81 8 

84 

diabetic diet Urine is 

4 

7/10 




0 762 

0 046 

94 8 

83 

86 5 

5 2 

fiee from sugar 

4 

7/13 




0 751 

0 097 

89 5 

78 

81 7 

10 5 


4 

7/15 

0 41 



0 792 

0 05 

87 8 

16 6 

71 2 

12 2 


5 

7/2 

0 822 



0 603 

0 133 

83 8 

10 4 

73 4 

16 1 

Diabetes mellitus with gan- 

5 

7/7 

0 751 



0 612 

0 128 

82 7 

173 

81 2 

15 7 

grene of foot Strict anti- 
diabetic diet Urine con 
tains sugar 

6 

6/28 




0 735 

0 239 

78 1 

10 7 

67 4 

21 9 

Diabetes mellitus Strict 

6 

7/1 

1 34 



0 848 

0 404 

69 8 

65 

63 3 

30 1 

anti-diabetic diet Urine 

6 

7/22 




0 229 

0 130 

65 5 

48 

60 7 

34 5 

contains sugai 

6 

7/28 




0 52 

0 138 

80 05 

4 67 

75 4 

19 9 

7 

6/25 

197 

1244 

0121 

1 123 

0 726 

63 1 

61 

57 0 

36 8 

Diabetes mellitus Fifty gm 

7 

7/2 

1 395 

1 225 


1 109 

0 170 

87 8 

83 

79 6 

12 2 

bread tolei ance Urine 
free from sugai 

8 

6/29 


0 728 

IlllbM 

0 629 

0 196 

78 8 

10 7 

68 1 

21 2 

Diabetes mellitus Strict 

8 

7/1 




0 58 

0 172 

80 1 

13 2 

66 9 

19 8 

anti-diabetic diet Urine 
free from sugar 

8 

7/3 


0 721 


0 631 

0 20 

78 3 

9 8 

68 5 

217 

125 gm of bread added to 

8 

7/5 


0 83 


0 819 

0 23 

78 3 

10 4 

67 9 

21 7 

diet Urine eontains sugar 

8 

7/6 


0 81 


0 694 

0 135 

85 7 

12 3 

73 4 

14 3 

100 gm of bread added to 
diet Urine contains sugar 

8 

7/7 


0 598 


0 522 

0 327 

64 7 

82 

56 6 

35 3 

75 gm of bread added to 
diet Urine free of sugar 

8 

7/8 


0 739 


0 64 

0 186 

79 9 

10 7 

69 2 

20 1 

75 gm of bread added to 
diet Urine free of sugar 

8 

7/9 


0 752 


0 668 

0 227 

76 8 

8 6 

68 2 

23 2 

100 gm of bread added to 
diet Urine contains sugar 

9 

7/6 


0 275 


0 254 

0 129 

68 1 

52 

62 9 

31 9 

Diabetes mellitus Strict 

9 

7/9 

0 331 

0 264 


0 233 

0 067 

79 8 

94 

70 4 

20 3 

anti-diabetic diet Urine 

9 

7/16 




0 259 

0 037 

88 7 

92 

79 5 

11 3 

contains sugar 

9 

7/18 


0 30 


0 27 

0 072 

80 7 

87 

72 0 

19 3 

9 

7/19 


EH 


0 166 

0 07 

73 8 

12 5 

613 

25 8 


9 

7/26 


0 161 


0124 

0 031 

83 8 

19 5 

64 3 

16 1 

















2 lire Urinar\ Suipiiub Partition in Cancer 


Case No 

Date 

5 

to 

5 

rd 

cu 

CO 

ci 

-M 

o 

H 

Sulphate Sulphur, gm 

Ethel eal Sulphate 
Sulphur, gm 

Inorganic Sulphate 
Sulphur, gm 

a 

tn 

p 

.a 

a, 

W 

C3 

t-4 

Sulphate Sulphur — 
Total Sulplnn, Pet 

Ethel eal Sulphate S — 
Total Sulphur, Pet 

“■ — 

Inojg Sulphate S — 
Total Sulphur, Pet 

Neural Sulphur — 

Total Sulphur, Pet 

Diagnosis and Remaiks 

11 

7/3 

0 78 

0 25 

0 09 

016 

0 53 

32 1 

11 1 

21 0 

07 9 

Carcinoma of cervix Phleg 












mon of abdomen 

12 

6/30 

0 83 

0 61 


0 55 

0 22 

73 9 

09 

07 0 

26 0 

Carcinoma of rectum 

13 

6/27 

1 33 

106 


096 

0 27 

79 7 

73 

72 4 

20 3 

Carcinoma of stomach 

13 

6/28 

2 84 

2 19 

0 095 

2 09 

0 65 

77 1 

3 3 

73 8 

22 9 


14 

7/29 

0 50 

0 34 

0 05 

0 297 

0 155 

69 0 

9 0 

59 4 

31 0 

Caicinoma of lung Meta 












static from breast 

15 

7/26 

0 78 

0 65 

0 037 

0 613 

013 

83 3 

47 

78 6 

10 0 

Carcinoma of cervix 

15 

7/27 

0 82 

0 68 

0 073 

0 614 

0 14 

82 9 

89 

74 0 

17 1 

Patient on Folin standard 

15 

7/28 

0 60 

0 50 

0 11 

0 39 

0 12 

82 7 

18 3 

04 4 

20 0 

diet 

15 

7/29 

0 62 

0 60 

0 11 

0 39 

0 12 

80 7 

17 7 

03 0 

19 4 


15 

7/30 

0 78 

0 66 

0 037 

0 613 

0 13 

83 3 

4 7 

78 0 

160 


16 

7/8 

0 60 

0 40 

0 047 

0 446 

0 11 

81 7 

7 7 

74 0 

18 2 

Caicinoma of bieast and 

16 

7/21 

0 62 

0 51 

0 049 

0 449 

0 11 

81 7 

7 6 

73 9 

18 2 

pulmonary tuberculosus 


7/7 

0 24 

0 13 

0 018 

0 109 

Oil 

53 8 

70 

46 2 

40 2 

Cystadenoma of ovary with 












peritoneal metastases 


7/25 

0 39 

0 34 

0 048 

0 292 

0 05 

87 2 

12 3 

74 9 

12 8 

Caicinoma of stomach 


7/26 

0 58 

0 51 

0 047 

0 463 

0 07 

87 9 

8 1 

79 8 

12 1 


Fra 

7/27 

0 55 

0 49 

0 06 

0 42 

0 06 

89 1 

10 9 

78 2 

10 9 


kK*^l 

P 

8/9 

0 78 

0 68 

0 096 

0 58 

0 10 

87 2 

12 3 

74 9 

12 8 


18 

8/15 

1 08 

0 94 

0 11 

0 83 

0137 

87 3 

10 3 

77 0 

12 6 


18 

8/17 

0 728 

0 64 



0 080 

88 2 



117 


18 

8ol9 

0 74 

0 62 



0 12 

83 6 



10 3 


18 

8/22 

0 67 

0 61 



0 058 

91 3 



8 6 


18 

8o23 

0 77 

0 72 



0 048 

93 7 



62 


18 

8/25 

1 02 

0 89 



0 125 

87 6 



12 3 


18 

8/26 

0 348 

0 284 



0 063 

84 0 



18 5 


18 

8/27 

0 616 

0 534 



0 121 

86 8 



19 0 


18 

8/28 

0 74 

0 62 



0 120 

83 6 



16 3 


18 

8/29 

0 92 

0 76 



0 16 

82 9 



170 


18 

8/30 

1 02 

0 89 



0 125 

87 6 



12 3 


19 

6/21 

0 995 

0 753 

i li 1 

0 65 

0 24 

75 0 

101 

65 5 

24 4 

Eaily carcinoma of laiynx 

19 

6/22 

0 712 

0 47 

i im 

0 34 

0 24 

65 9 

17 8 

48 1 

34 0 


19 

6/28 

1 82 

12 

I 

0 68 

0 62 

65 9 

10 0 

55 9 

34 0 


19 

6/29 

1 86 

1 47 

1 

1 36 

0 39 

79 1 

59 

73 2 

20 9 


19 

6/30 

1 44 

0 67 

1 

0 56 

0 76 

46 8 

77 

39 1 

53 2 


19 

7/3 

0 62 

0 42 

0 119 

0 30 

0 20 

67 6 

19 1 

48 5 

32 4 


20 

8/9 

0 86 

0 78 

0 053 


0 17 

91 6 

61 


20 0 

Carcinoma of glands of neck 












Operated two months ago 

21 

8/9 

0 61 

0 60 

0 04 

0 46 

0 11 

819 

65 

75 4 

18 1 

Caicinoma of larynx and 

21 

8/12 

0 90 

0 63 

0 037 


0 262 

70 8 

40 


29 1 

esophagus Gastrostomy 

21 

8/14 

0 49 

0 41 

0 032 


0 081 

83 4 

65 


16 5 

on J^uly 29 

21 

8/15 

0 78 

0 58 

0 052 


0 26 

73 5 

6 2 


32 8 


21 

8/16 

0 63 

0 53 

0 04 


0 113 

83 6 

65 


18 0 


22 

6/22 

1 02 

0 716 

0 099 

0 617 

0 304 

70 2 

97 

60 5 

29 8 

Inoperable caicinoma 

22 

6/23 

0 456 

0 354 

0 058 

0 296 

0 102 

77 6 

12 7 

64 9 

22 4 

stomach 

22 

6/27 

0 81 

0 61 

0123 

0 486 

0 198 

75 4 

15 2 

60 2 

24 5 


22 

7/3 

0 41 

0 308 

0 089 

0 015 

0 098 

75 8 

22 1 

53 7 

24 1 


23 

6/22 

0 898 

0 70 

0 124 

0 577 

0 197 

781 

13 8 

64 3 

21 9 

Inoperable carcinoma oi 

23 

6/23 

0 814 

0 587 

0 052 

0 535 

0 227 

72 1 

6 4 

65 7 

27 9 

stomach 

23 

6/30 

1 64 

1 28 

0 084 

1 196 

0 362 

77 9 

5 1 

72 8 

22 1 


23 

m 

2 17 

1 53 

0122 

0 812 

0 639 

70 6 

5 6 

65 0 

29 4 













TABLE 3 — The Ubinaky Sulphuk Partition in Various Other Diseases 


Case No 

Date 

Total Siilphm, gm 

Sulphate Sulphur, gm 

Ethel eal Sulphate 
Sulphur, gm 

Inoigamc Sulphate 
Sulphui, gm 

Neutral Sulphui, gm 

Sulphate Sulphur — 
Total Sulphui, Pet 

Neutial Sulphui — 

Total Sulphur, Pet 

Etheial Sulphate S — 
Total Sulphui, Pet 

Inoig Sulphate S — 
Total Sulphui, Pet 

Diagnosis and Remarks 

24 

6/30 

1 13 

0 33 

0 08 

0 25 

0 80 

29 1 

6 9 

22 2 

70 8 

Chronic intei stitial nephri- 








i 





tis Mag sulph given 

25 

7/24 

0 812 

0 68 

0 06 

0 62 

0 132 

83 7 

73 

76 4 

16 2 

Chrome interstitial 













nephritis 

26 

8/8 

0 66 

0 56 

0 059 

0 50 

0 095 

84 7 

95 

76 2 

14 4 

Fiacture of iibs with pneu- 

26 

8/10 

0 63 

0 54 

0 032 

0 51 

0 09 

85 2 

50 

80 2 

14 7 


monia 

26 

8/12 

0 74 

0 54 

0 0'4 

0 50 

0 198 

73 1 

55 7 

67 6 

26 8 



26 

8/18 

0 86 

0 72 



0 136 

83 7 



15 7 



26 

8/20 

0 87 

0 73 

0 047 

0 68 

0 136 

83 9 

54 

78 5 

15 8 



26 

8/25 

0 77 

0 73 



0 04 

94 8 



5 3 



27 

7/29 

1 98 

0 17 

0 078 

0 923 

1 816 

85 

3 9 

4 6 

90 1 

Lobar pneumonia 

28 

8/14 

1 13 

1 10 

0 057 

1 04 

0 028 

97 5 

52 

92 4 

2 4 

Chronic lead poisoning Mag 

28 

8/lG 

1 46 

137 

0 053 

1 31 

0 089 

93 8 

36 

90 1 

40 


sulph and potassium lodid 

28 

8/17 

1 22 

1 07 

0 03 

1 06 

0 150 

87 4 

25 

86 9 

12 5 


ti eatment 

29 

8/4 

0 95 

0 88 

0 025 

0 925 

0 121 

92 5 

26 

97 3 

12 7 

1 Chronic lead poisoning Mag 

29 

8/5 

1 17 

1 1 09 

0 024 

1 124 

0 08 

93 1 

20 5 ! 

96 2 

7 1 


sulph and potass lodid 













treatment 

30 

6/27 

0 74 

0 53 

0 05 

0 47 

0 22 

70 9 

73 

63 6 

29 1 

Bronchial asthma Epineph- 













rin and KI given 

31 

7/5 

0 28 

0 22 

0 02 

0 20 

0 06 

77 5 

7 1 

70 4 

22 5 

Chronic appendicitis one 













week after operation 

32 

17/8 

0 395 

0 355 

0 043 

0 312 

0 04 

89 9 

10 9 

79 0 1 

10 1 

Clinically gastiic-earcmoma. 

32 

7/10 

0 248 

0 216 

0 036 

018 

003 

87 1 

14 5 

72 6 

12 9 


operation showed chronic 



1 

1 

0 05 ' 








appendix 

33 ' 

7/26 

0 552 

0 44 


0 39 

on 

79 7 

9 1 

70 6 

19 9 

Hepatic abscess 

34 

7/25 

0 60 

0 50 

0 11 

0 39 

0 12 

82 7 

18 3 

64 4 

20 0 

Syphilitic hepatitis Carls- 

34 

7/26 

101 

0 86 

0 094 

0 766 

0 15 

85 1 

93 ' 

75 8 

14 8 


bad salts gnen 

35 

6/21 

3 36 

1 19 

0 143 

1 05 

2 17 

35 4 

43 

31 1 

64 6 

Perihepatitis at opeiation 

35 

6/22 

1 37 

1 13 

0 094 

1 04 

0 24 

82 5 

69 

75 6 

17 5 


Bile in mine Carlsbad 

! 


1 










salts daily Urine free 










1 



from bile 

36 

6/28 1 

2 86 

1 84 

0 12 

0 73 

1 02 

64 4 

42 

60 2 

35 5 

1 Cholelithiasis with biliary 

36 

7/3 

2 80 

1 89 

0 12 

0 87 

0 91 

67 5 

42 

63 3 

32 5 


fistula ( Slow in healing ) 

36 

7/5 

1 61 

1 08 

0 134 

0 94 

0 53 

67 0 

83 

58 7 

33 1 


During period 6/28 to 7/6 

36 

7/6 

1 69 

1 25 

0 163 

108 

0 44 

73 8 

9 7 

64 1 

26 1 


the urine contained bile 

36 

7/7 

1 13 

1 07 

0 12 

0 95 

0 06 

94 7 

10 6 

84 1 

5 3 

1 

■ 

36 

7/8 

148 

134 

Oil 

123 

0 14 

90 6 

73 

83 3 

9 4 


Urine free 

36 

7/9 

1 28 

109 

0 09 

100 

0 19 

85 2 

68 

78 4 

148 

J 

fi om 

36 

7/10 

1 50 

1 31 

0 08 

1 23 

0 19 

87 4 

53 

82 1 

12 8 


bile 

36 

7/12 

1 55 

1 38 

0 16 

122 1 

0 17 

89 0 

10 4 

78 6 

10 9 



36 

7/13 

0 72 

0 49 

Oil 

0 37 

0 23 

67 4 

15 7 

51 7 

32 6 

Uiine again contained bile 

36 

7/14 

2 80 

1 88 

0 12 

0 86 

0 91 

67 5 

42 

63 3 

32 5 



37 

8/17 

0 68 

0 60 

0 033 

0 57 

0 08 

87 9 

48 

83 1 

10 6 

Typhoid fever Second week 

37 

8/22 

0 86 

0 72 

0 033 

0 68 

0 147 

83 0 

38 

79 2 

16 9 


of disease 

37 

8/24 

0 62 

0 54 



0 08 

87 0 



12 9 



37 

8/25 

0 49 

0 41 



0 08 

82 9 



17 03 



37 

8/28 

0 58 

0 48 



0 10 

82 7 



17 3 



38 

7/15 

0 49 

0 43 

0 048 

0 085 

0 057 

88 4 

98 

78 6 

11 7 

Chionic inyocaiditis with 

38 

7/25 

0 48 

0 42 

0 034 

0 086 

0 060 

87 5 

7 1 

80 4 

12 5 


b 1 o k e n compensation 

38 

7/27 

0 37 

0 35 

0 090 

0 026 

0 020 

94 6 

24 3 

70 3 

54 


Codein given 

39 

6/23 

0 57 

0 45 

0 04 

0 41 

0 12 

78 6 

68 

71 8 

21 3 

Hypopituitarism Patient 

39 

6/26 

0 41 

0 30 

0 03 

0 27 

0 11 

72 5 

72 

65 3 

27 4 


on standaid Eolin diet 

39 

6/27 

0 80 

0 66 

0 06 

0 60 

0 14 

82 4 

7 1 

75 3 

17 5 



39 

6/28 

0 90 

0 69 

0 04 

0 65 

0 21 

76 7 

43 

72 4 

23 3 



39 

6/29 

0 87 

0 53 

0 05 

0 48 

0 33 

61 7 

64 

55 3 

38 3 



39 

6/30 

0 96 

0 67 

0 04 

0 63 

0 30 

69 2 

40 

65 2 

30 8 



40 

7/26 

0 38 

0 32 

0 024 

0 35 

0 06 

96 3 

6 3 

90 0 

15 8 

Gasti optosis and gastric 

40 

7/27 

0 76 

0 60 

0 068 

0 61 

0160 

78 9 

89 

70 9 

21 0 


dilatation 

40 

7/28 

0 79 

0 67 

0 059 

0 61 

0 120 1 

84 8 

74 

77 4 

15 2 

















282 


THE ARGEIYES OP IHTERPAL MEDICINE 


In this senes, consisting of seventeen cases of various diseases other 
than carcinoma and diabetes, vnth fifty-one individual estimations, the 
daily average excretion of total sulphur is 0 96 gm , of neutial sulphur 
0 33> gm , or 34 3 pei cent of the total sulphur If we exclude from this 
gioup a case of lobai pneumonia with an unusually high amount of total 
and neutial sulphur, we still find the average total sulphur excretion to 
be 090 gm and the aveiage neutial sulphur 0 24 gm , or 26 7 per cent of 
the total sulphur. 

ni CONCLUSIONS 

1 The lowest average total sulpliur excretion (0 88 gm per day) was 
found m a senes of thirteen cases of carcinoma 

2 The same series showed also the lowest aveiage neutral sulphui 
excietion (0 20 gm per day) 

3 The propoition of the neutral sulphui to the total sulphur m this 
group is consideiably higher than the normal proportion of the total 
sulphur excreted as neutral sulphur 

4 However, the relation of the neutial sulphur to the total sulphur 
is still higher m the group of seventeen various diseases (not includmg 
diabetes or caicmoma) In this group we find that both the relative and 
absolute amounts of total sulphur and neutial sulphui to be higher than 
in cancer and diabetes 

5 Eight out of nine cases of diabetes studied showed an increased 
excretion of neutral sulphur, both in amount and in relation to the total 
sulphur excreted 

6 Erom oui experience we think it is a piecarious undertaking to 
diagnose a malignant tumor on the basis of the absolute or relative 
amount of the neutral sulphur excreted in the urine, or from the daily 
excretion of total sulphur 

132 East Sivtieth Street — 5669 Beacon Street 



THE REACTION OE SALOMON AND SAXL AS A DIAGNOSTIC 

TEST FOR CARCINOMA ' 

ISIDOR GREENWALD 

NEW YORK 

Salomon and Saxl^ have desciibed a leaction in the urine which they 
considei to be characteiistic of carcinoma The reaction depends on the 
supposed presence in the urine of such patients of a sulphur-containing 
substance, which does not yield inorganic sulphate on tieatment with 
dilute hydrochloric acid, but which, on subsequent treatment with hydro- 
gen peroxid, is oxidized, with libeiation of inoiganic sulphate They 
repoit positive lesults in 70 pei cent of eases of carcinoma They state 
that the reaction is fiequently positive in the urine of pregnant women 
and in the urine of patients with ciirhosis or abscess of the liver In a 
second paper^ they describe the following modification of their previous 
method 

One bundled c c of the albumin-fiee uime are measuied into a 400, to 500 cc 
beaker, 10 c c of hydiocblonc acid (spec giav 112) are added, the contents 
of the beaker are heated to boiling on an asbestos center wire-gau/e and 200 c c 
of boiling water are added at once If the specific gravity of the urine is less 
than 1 020, 10 c c , if greater than 1 020, 16 c c of 10 pei cent barium chlorid 
solution are added, diop by drop The beaker is covered with a watch-glass 
and kept on a boiling water-bath for six hours Aftci standing twenty-four hours 
the liquid is filtered through a double filter and refiltcred into a 500 c c Erlen- 
meyer fiask Three c c of perhydrol (Merck’s 30 per cent H 2 O 2 ) are added and 
the mixture is boiled for fifteen minutes It is then tiansfeired to a conical 
vessel and allowed to stand The deposit of a perceptible precipitate within a 
few hours is regarded as a positive reaction 

According to Kaldeck,® the leaction is not characteristic of car- 
cinoma He found that in the urines of nine patients with carcinoma, 
the reaction was positive in four, negative in four and doubtful in one 
Of thirty-seven urines fiom other patients, eight gave positive results 
Of the eight, five were from tubeiculous patients, out of a total of nine 
examined Pribram'^ tested the mine of forty patients with carcinoma, 
five with saicoma and foity who were fiee fiom malignant growths Of 
the cancer urines, 60 pei cent gave positive leactions, of the others, only 
35 per cent He recommended the use of potassium permanganate as the 

* Submitted for publication June 17, 1913 

* Erom the Chemical Laboratory of the Montefiore Home 

1 Salomon and Saxl Wien klin Wchnschr, 1911, xiii, 449 

2 Salomon and Saxl Deutsch med Wchnschr , 1912, xxxvin, 53 

3 Kaldeck Wien med Wchnschr , 1911, Ixi, 1652 

4 Pribram Wien klin Wchnschi , 1911, xxiv, 1235 
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oxidizing agent because it yielded a cleaiei liquid in ivlnch the piecipi- 
tate could moie leadily be delected Muraelii^ weighed the barium 
sulphate precipitated in the test He had mines fioin loin patients with 
caicmoma and fioni sixteen othei patients In the formei, the amount 
o£ baiiuni sulphate obtained vaiied fiom 0 0080 to 0 0176 gm, averag- 
ing 0 0120 gm , in 100 c e of urine, or 0 0779 in the twenty-four-houi 
quantit}'^, or 2 43 pei cent of tlie total sulphur The otliei urines yielded 
fioni 0 0020 to 0 0080 gm , aveiaging 0 00485 gm in 100 c c, or 0 0560 
gm in the twent3^-foui-]ioui quantit)’’, oi 1 pei cent of the total sulphur 
^^6iy good results hare been reported by Petersen*’ Only three out of 
fifty-live uime patients without caicmoma gave the reaction, whereas 


TABLE 1 — ^NorxUal Uiuxes 


Xaine 

BaSO^ fiom 100 cc 

BaSO^ fiom Twenty Fom 
Hour Quantit}-^ 

Ratio of Sulplnn 
Piecipitated m 
tho Test to Total 
Sulphur, Per 

Cent 

In tlie Test, 
mg 

Total 

SuJpluu, 

gm 

In tlie lest, 
cm 

Total 

Sulplnn, 

gm i 

I 

1 

G 

no ' 

’ 030 ! 


1 

1 

1 18 

I 


78 

811 : 



0 96 

I 

G ' 

08 

798 

0 127 

10 350 

123 

W 

E 

53 

' 333 



160 

B 

G 

15 0 

1 1001 

; 0 078 

5 205 

1 50 

B 

G 

i 16 7 

1 1107 

0 140 

9 982 

1 50 

J 

B 

G 8 

666 

0 105 

10 320 

102 

P 

K 

65 

692 

0 091 

9 688 

0 94 


IV 

6 7 

670 

1 

0 061 

6 131 

100 


of nineteen urmes from seventeen cases of carcinoma only two failed to 
do so The patients from whom these two urines weie obtained were 
cachectic, and Petersen believes that this may be responsible foi the 
negative results in these eases He does not attempt to explain how 
cachexia operates to cause the disappearance of a leaction supposed to be 
characteristic of carcinoma 

Theie seems to be a general agreement among these writers that the 
leaction, although not characteristic of carcinoma, is much more fre- 
quent in the urines of patients with carcinoma than m other urines It 
should be remembered, however, that Murachi was the only one who reg- 
ularly weighed the barium sulphate obtained, and that he had only four 
cases of carcinoma This is very important, foi a precipitate is obtained 
with any urme, and normal and carcinoma urines are said to differ only 
_ ✓ 

5 Muraclii Biocliem Ztsclir , 1912, x]i, 139 

6 Petersen Deutsch med Wclinsclu , 1912, xvk.vui, 1536 
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in the amonnt of precipitate obtained It is very difficult, indeed, to 
compare the amounts of barium sulphate produced under the condi- 
tions of the test without actually weighing them, for the absorbed organic 
material varies greatly in amount and character, but is always 
considerable 

At the request of Dr S Wachsmann, medical director of this insti- 
tution, I tried this reaction in a number of urines It soon became evi- 
dent that the differences that might exist between urines from patients 
with and without carcinoma were too slight to be detected by simple 
inspection Thereafter the precipitates obtained were weighed The 


TABLE 2 — ^Various Pathological Urines 


Name 

Diagnosis 

BaSO^ from c c 

BaS 04 from 
Twenty-Four 
Hour Quantity 

Ratio of Sulphur 
Piecipitated in 
the Test to Total 
Sulphur, Per 

Cent 

In the 
Test, 
mg 

Total 

Sulplnu, 

mg 

In the 
Test, 
gm 

Total 
Sulphui , 
gm 



Nephritis, ] 






H B 


myocarditis 

30 

292 

0 051 

4 964 

1 03 

A S 


Muscular 








atrophy 

55 

693 

a 039 

4 751 

0 80 

W 


Levulosuna 

42 

388 

0 067 

6 208 

1 09 

L M 


Cirrhosis of 



1 





liver 

12 6 

840 

0 064 

4 284 

1 50 

E S 


Myelogenous 








leukemia 

74 

321 ! 

0 109 1 

4 719 

2 31 

M B 


Diabetes 

35 

342 ! 

0 034 1 

3 320 

101 

S 

1 

Pulmonary 








tuberculosis 

3 5 

438 

0 049 

6 139 

0 80 


j 

Pneumonia 

9 2 

770 

0 149 

12 470 

120 


directions of Salomon and Saxl were carefully followed, the only devia- 
tions being the following 

1 A single thickness of Schleicher and Schull’s No 589 blue ribbon 
filter paper was used to filter the liquid after heating with acid and 
standing a day The filtrates were clear 

2 After treatment with perhydiol the mixture was allowed to stand 
overnight and was then filtered through a Gooch filter The precipitate 
and filter were washed thorouglily, ignited and weighed 

Total sulphur was determined by Benedict’s method Most of the 
determinations, both of the barium sulphate precipitated by the proce- 
dure of Salomon and Saxl and of the barium sulphate obtained from the 
total sulphur were made m duplicate 


7 Benedict Jour Biol Chem , 1909, vi, 363 
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The figures given in the accompanying tables require little comment 
The amount of baiium sulphate precipitated in the test from normal 
and pathological urines varies gieatly The highest value was obtained 
in a normal urine and the lowest in a urine from a patient with a very 
extensive caicinoma, piimary in an ovaiy There is apparently no rela- 
tion between the amount of bauum sulphate precipitated in this test and 
the presence oi absence of carcinoma 


TABLE 3 — ^Ubines ebok Cases or IMaeignatct Neoplasms 


Name 

1 Diagnosis 

BaSO^ 

100 

from 
c c 

BaSO^ from 
Twenty-Pour 
Hour Quantity 

Ratio of Sulphur 
Piecipitated in 
the Test to Total 
Sulphur, Per 

Cent 

Carcinoma of 

1 

1 Established at 

In the 
Test, 
mg 

■ "■ 

Total 

Sulphur, 

mg 

In the 

Test, 

gm 

Total 

Sulphui 

gm 

1 

S B 

Stomach 

Operation 

44 

260 

0 065 

3 221 

169 

S B 

Stomach 

Opeiation 

34 

182 

0 049 

2 621 

187 

R R 

Ovanes 

Autopsy 

07 

182 

0 011 

2 957 

0 38 

Sol 

Stomach 

Operation 

10 0 

607 

0 042 

2 549 

164 

G P 

Ovanes 

Opel ation 

36 

417 

0041 

4 800 

0 86 

W E 

Larvnx 

Operation 

70 

691 



118 

S R 

Stomach and 

Clinical 







colon 

examination 

112 

710 



158 

Spiv 

Peritoneal 








cavity 

Operation 

10 6 

678 

0 201 

8 272 

2 43 

Leit 

Breast 

Operation 

08 

611 

0 073 

4 691 

1 69 

S H 

Esophagus 

Autopsy 

7 1 

361 

0 069 

3 500 

! 194 

I G 

Mastoid 

Operation 

9 1 

760 

0 006 

5 470 

1 20 

E G 

Larynx 

Operation 

67 

650 

0 088 

7 540 

103 


Sarcoma of 







L P 

Lungs 

Clinical 








examination 

68 

489 

0 037 

3 130 

1 19 

E R 

Hip 

Clinical 








examination 

96 

763 



128 

H B 

Peritoneal 








cavity 

Operation 

66 

636 

0 066 

6 420 

102 

M A 

Thigh 

X-Ray 








examination 

92 

297 

0 078 

2 620 

3 10 


It IS true that most of the carcinoma patients were cachectic It may 
be urged that this explains the discrepancy between the results here 
reported and those obtained by others, but this is not probable Several 
urines were obtained from non-cachectic carcinoma patients The 
amounts of barium sulphate obtained from these urines were not greater 
than those obtained from many of the normal urines It would also be 
rather remarkable that the writers mentioned had obtained urines from 
patients with carcinoma, only comparatively few of whom were cachectic 
Moreover, the value of a proposed test for carcinoma which is negative 
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m cachexia, one of the most characteristic symptoms of the disease, is, 
on this gionnd alone, open to serious question 

SUIMMART 

No differences were found to exist between the urines of patients with 
carcmoma and other diseases and normal individuals, m the amount of 
barium sulphate, either absolute or relative to the total sulphur, pre- 
cipitated by the procedure of Salomon and Saxl It is therefore con- 
cluded that the test is of no value in the diagnosis of carcinoma. 



FURTHBE OBSEEVATIONS ON THE PEOTEIN METABOLISM 

OF NOEMAL PEEGNANCY-’ 


JOHN R MURLIN PhD, and HAROLD C BAILEY, MD 

NEW yokk: 

A feT7 months ago ive reported m prelimiDary form^ the results of com- 
plete nitrogen partition studies on three carefully controlled normal cases 
and five patliological cases of pregnancy ^Ye iound. that some instances 
of high ammonia could only be explained on the assumption that the 
bladder had been contaminated by the use of the catheter, and in one 
case of eclampsia we were able to demonstrate a marked fall in this con- 
stituent of the uiine by the simple expedient of thoroughly washing the 
bladder with boric-acid solution twice in twenty-four hours Because of 
the obvious impoitance of this source of error m judging the significance 
of such findings, we deieimined to follow up the piactice of washing the 
bladder whenever a high amount of ammonia was encountered In all 
properly conducted metabolism studies on the dog, the twenty-four-hour 
urines are obtained by catheter, by washing out the residual urine with 
sterile water and then following this with a wash of saturated solution 
of boric acid It is self-evident that we should not be content with a less 
perfect technic in collecting urines from bed-ridden patients, if the analy- 
sis of the urme is to be trustworthy We have, accordingly, selected a 
number of normal cases, some of which showed an amount of ammonia 
above the normal, some of them a normal amount, and placing them on 
constant diets, have observed the effects of a careful irrigation with a 
quart of boric-acid solution once or twice within an experiment day 

THE COUESE OE THE AMMONIA OUTPUT IN NOEMAL PEEGNANCT 

We shall present first the urinary findings of two patients who ran 
perfectly normal courses just before, through and just following labor, 
the irrigation of whose bladders caused no alteration in the ammonia 
findings Such a result can only mean that the bladder was sterile to ■ 
begin with, and that the use of the catheter introduced no organism 
capable of splittmg urea The two cases were under the constant sur- 

* From the Departments of Physiology and Obstetrics of Cornell University 
Medical College 

* Submitted for publication June 13, 1913 

* All of the cases here reported were patients in the maternity wards, second 
division Bellevue Hospital on the service of Dr J Clifton Edgar 

1 Murlm and Bailey Protein Metabolism in Late Pregnancy and the 
Puerperiiim, Jour Am Med Assn , 1912, lix, 1522 
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veillance of a special nuise and were maintained on a diet of milk, eggs, 
biead and buttei, potato and ice cream, containing, as shown by the 
tables, an appioximately uniform amount of gross potential energy The 
number of caloiies pei kilogram in the tables rises after delivery for the 
obvious reason that the weight was contantly decreasing The food was 
not analyzed, but it is appaient fiom the total nitrogen figures on the 
days when a complete twenty-four-hour urine was obtained, that the 
variation in nitiogen content was not very great The influence of the 
total intake of piotein and energy, therefoie, was reasonably constant 
throughout 

Before consideiing the tables, we wish to emphasize the fact that our 
determinations of the ammonia in these and all other cases have been 
made by the most approved technic of the Polin method Folin has 
recently restated” what the proceduie should be Our water-pump is of 
the type recommended by him, and gives sufficient pressure to produce 
an air current which removes all the ammonia from 10 to 20 c c of 1^/10 
]S[H4C1 solution in one hour This we have verified a number of times in 
the course of this work But the aeration for the removal of the ammonia 
from urine has never been less than four hours, and often was kept up 
for a much longer time 

It will be seen that the ammonia nitrogen rose in both absolute and 
relative amounts on the day following labor for both cases (Table 1) 
In ordei to make certain that this was not due to contamination of the 
bladder by the catheter, we had the bladder thoroughly irrigated twice 
with a saturated solution of boric acid, warmed to body temperature, on 
the third day of collection by the catheter The fact that the ammonia 
did not fall very appreciably the following day, proves that the bladder 
had been clean The larger output in both absolute and relative amounts 
immediately following labor probably is due to the acid products, e g , 
lactic acid,® .formed and not completely oxidized during labor We found 
no trace of acetone bodies at this time, although the total acidity was 
slightly higher than it had been previously 

In both cases the absolute amount of ammonia continues higher than 
it was before parturition With Case 4 (Table 1) the average for the 
SIX days on which mine was analyzed previous to delivery is 0 54 gm , 
and for four days after delivery (neglecting the first two on account of 
the influence of labor), it is 0 76 gm With Case 5 (Table 1) it is (V 61 
gm for the two full twenty-four-hour urines before delivery and 0 92 gm 
for the last six days of the post-partum period (again neglecting the first 
two days of the puerperium) This difference between antepartum and 

2 Folin Jour of Biol Chem , 1912, xi, 523 

3 This sequence is known to occur in phosphorus poisoning (Lusk Am 
Jour Physiol, 1907, xix, 461 ) 



TABLE 1 ^Mi TABOLisM Expkbiment Showing Cotjkse of AiuroNiA Exceetion 
CASE roun (s) normal pregnancy 


o 

5?; 

Date, 1912 

Vol c c 

6 

c. 

CO 

Acidity, c c N/10 

10 c c Diluted 
Urine to 2,000 c c 

s 

B 


(fi 

COPh 

^ J, 

iSpq 

Cal per Kg 
in Food 

*3 

o 

H 


•4^ 

<D hy 

O ^ 

Kemarks 

1 


■ 

1 

i 1 

1 

1 

i 

1 



■ 



1 

1 28-29 

1920 


1 92 

[Kl 

78 6 



9 52 

0 41 

43 


2 


1980 


32 

■1 


■PTil 

42 

17 94 

IIKM 

4 1 


3 

30-31 1 

1540 


3 1 



nnl 

42 1 

14 75 j 

lllfll 

52 1 

{ 


Nov 


1021 1 


1 

1 


i 


mi 



4 

31- 1 

GC0= 


* 27 




42 

6 39 

0 36 

57 


5 

1 2- 3 

1350 


20 



110 

42 

11 87 

0 53 

45 


6 

i 6- 0 

1 1160 


1 3 



100 

42 

S 12 

042 

5 1 


7 

6- 7 

1100 


25 




30 

10 92 

0 73 

65 

In labor 

8 

8- 9 

1450 


3 5 




44 

16 80 

1 19 

70 

Delivered 10 a m All 













urines by catli on Nov 




j 

1 








7 and 8 

9 

9-10 i 

1430 


23 



BEI 

45 

16 07 

0 84 

52 

All urine by catheter 

10 


1640 


3 1 




52 

17 52 

0 88 

60 

All urine by catheter 


miHH 






■H 





Bladder washed 



i 1350 


30 



107 

46 

12 04 

0 49 

40 

Urine voided spon 




1 









taiieously 



1650 1 


37 


IrCTBl 


47 

19 88 

0 84 

42 

Urine voided spon- 


mi 

■ 










taneously 


CASE FIVE (ll) NORMAL PREGNANCY 



Oct 












1 

28-29 

2260 

1061 

1 06 

-f 

61 6 



12 15 

0 61 

5 0 


2 

29-30 

700= 

1020 

2 12 

+ 


138 

43 

5 84 

0 29 

54 


3 

30-31 

1750= 

1015 

178 

+ 


124 

43 

4 98 

0 25 

52 



Nov 












4 

31- 1 

1880 

1017 

2 1 

+ + 


108 

43 

11 59 

0 62 

5 3 

Laboi Nov 3 5 Del Nov 













5th, Sam 

5 

5- 6 

2000 


23 

++ 


142 

40 

12 86 

1 28 

10 0 

All urine by catheter 

6 

6- 7 

2000 


1 7 

-f+ 


138 

38 

11 39 

0 88 

77 

All urine by catheter 

7 

7- 8 

1100 


1 8 

++ 


128 

47 

17 69 

1 17 

6 6 

All urine by catheter 













Bladder washed 

8 

8 9 

1850 


25 

++ 


116 

48 

15 98 

0 98 

6 1 

Urine spontaneously 













by catheter 

9 

9-10 

1650 


25 

+ 


122 

49 

14 89 

0 79 

53 

Urine spontaneously 













by catheter 

in 

10 11 

1400 


3 3 

+ 


118 

50 

17 08 

1 05 

6 1 

Voided spontaneously 

u 

11-12 

1320 


20 

+ 


114 

51 

16 97 

0 77 

45 

Voided spontaneously 

12 

12-13 

1700 


32 

+ 

52 4 

125 

52 

16 97 

1 

0 79 

47 

Voided spontaneously 


1 Acetone and diacetic acid absent 

2 Some urine lost 
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post-paTiuin urines in general is not due to a difference in the food It 
may possibly be due to the autolysis of the uterus accompanied by the 
liberation of acid bodies which must be neutralized by ammonia 

The resolution of the uterus results in a gradual mcrease in the total 
output of urmary nitrogen for several days, and a greater increase on the 
sixth day in both eases This confirms again the observation of Long- 
ridge,^ which one of US'* had already confirmed m noimal cases Because 
of the higher total nitrogen excretion, the percentage of the ammonia 
nitrogen does not mcrease In fact, it is even lower for Case 4 on the 
days which have been averaged for the absolute amount than before 
delivery (4 6 per cent as against 4 8 per cent ) In Case 5 the average 
for the post-partum urmes, not influenced by parturition, is 5 6 per 
cent , and for the two full days ante-partum it is 5 2 per cent On the 
whole, one may say that the percentage of ammonia nitrogen in the urine 
IS almost the same during the puerperium as immediately before 
delivery 

EFFECT OF FOUL BLADDEE 

Contrasted with the above results are those presented m Table 2 for 
Cases 6 and 7 These are both normal pregnancies, no symptoms having 
been noted or complained of at any tune previous to or immediately fol- 
lowing our observations Like Cases 4 and 6, they were kept on special 
diets, consistmg of milk, eggs, bread and butter, custard and boiled rice 
and containing approximately 2,100 calories The records show that the 
amounts taken each day were nearly the same Case 6 had at the begin- 
nmg of our observations 2 gm of ammonia nitrogen in the urine This 
fell giadually for about a week, when it had reached the level shown on 
the first day of the table The striking thing about the chart, however, 
IS the enormous fall m the ammonia nitrogen which resulted from wash- 
ing the bladder on the second day following delivery The mterpretation 
of the rest of the chart must obviously be made in the light of this effect 
Microscopical examination of the urines obtained before delivery, but 
made subsequent to the discovery of the contamination, revealed the 
presence of many bacteria and some pus cells, but it was a case which, 
without the confirmatory evidence of the effects of irrigation, might have 
been allowed to pass as an ^^unexplained^^ high ammonia 

hTo doubt a pait of the high ammonia on the day of delivery and the 
day after may be ascribed, as we have ^ust seen, to the effects of labor 
itself, but so great a fall — ^from 2 27 gm ammonia nitrogen to 1 33 gm — 
can only be attributed to the cleansing which the bladder received It 
happens that the total nitrogen m the urme October 2 to 3 and October 4 
to 5 is nearly the same, so that the fall to 9 per cent m this total in the 

4 Longndge Jour Obst and Gynecol , 1908, xiii, 420 

5 Murlin Surg , Gynecol and Obst , January, 1913, p 43 
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ammonia fraction cannot be referred to a change in the diet, noi, since 
the autolysis is not yet fai enoiigli advanced, to a change m the uteius 
That the e\tia ammonia came laigely if not wholly fiom the decomposi- 
tion of urea is shown by the sums of the ui ea and ammonia fractions 
for these days, and that the decomposition took place in the bladder and 
not in the bottle we aie ceitain, because of the fact that the preservative 


TABLE 2 — ExpraiJMCNTS Illustrating Inilulncc or Foul Bladder 
CASE SIX (r) korvlal pregnanct 


o 

Date, 1912 

Volume 

Sp Gr 

Acidity 

Albumin' 

Total N 

Urea N 

1 

12: 

th 

12; 

Per Cent 
Uiea N 

o i> 

1 

^ B 
! P^ 

Diet and Condition of Patient 

1 

Sept 

27-28 




Tr 

12 37 


1 78 

75 1 

14 3= 

Special diet of milk, eggs, bread 

2 

3 

28 29 
28-29 
Oct 

2- 3 


1021 I 


1 

Tr 

9 72 

13 00 

14 71 


1 10 

1 35 

2 27 

76 8 

77 2 

*72 0 

11 3 
10 3 

15 4 

and butter, diistard and boiled 
nee, containing about 2,100 
calories 

i Baby born Oct 2 Catheter 

4 1 

6 1 

' 4- 5’i 





1 14 08 

1 10 56 

1 133 

75 0 

94 

used SIX hours 

Bladder washed 

7 

5- 6 



1 75 


12 41 

9 45 


76 4 

' 87 



case SEVEN" (T) KTORJIAL PREGNAKCi' 


1 


1 

1800 

! 

23 

! 

0 

13 38 

10 58 

1 07 

79 0 

80 

Tliird day postpartum, second 
day of using catheter Spe 
cial diet of milk, eggs, bread 
and butter, custard and 











72 j 

boiled rice containing about 
2,100 calories 

2 

25 26 

950 


1 4 


11 39 





! Bladder washed 

3 

26-27 

1 

1430 

1 


08 ^ 


13 34 

1 


H 

|78 8^, 

1 51 , 

1 


1 Acetone and diacetic acid absent 

2 In this case bacteria were found in urine before parturition 

3 The urine for October 3 4 was alkaline and is therefore not considered 


was placed m the bottle before it left the laboiatory each day and because 
of the care which was constantly exhibited by the nurse who had charge 
of these cases 

Case 7 will be readily understood from the table The fall neither 
in absolute nor in percentage amounts in this case is so great when the 
bladder was washed as it was in Case 6, but there seems to be no other 
explanation, for the total nitrogen in the urine was the same, and there 
were no unusual acid bodies in the urine which we could detect 
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We have included only these two cases which showed a fall in the 
urinary ammonia, because they were the only ones which exhibited the 
same total iiiti ogen before and after irrigation Several other cases were 
observed in which the effect of iriigation was evident It would be foolish 
to asseit that no clean urine can be obtained from parturient patients 
without washing the bladder, but it is clear fiom our experience that this 
possible souice of contamination must now be placed alongside of others 
(passage of the urine over the vulva, mixture with feces, lochia, etc ), 
which have always been recognized We believe the safest and suiest 
way to avoid all dangers of contamination is the manner of collection 
which we have adopted, namely, drawing the urine by catheter and plac- 
ing it directly into the bottle containing preservative, and washing tlie 
bladder thoroughly with boric-acid solution twice in twenty-four houis 
immediately following catheteiization The boiic-acid wash should not 
be mixed with the mine, because it interferes with certain determina- 
tions A peifectly exact teimination of the twenty-four-hour period is 
only thus obtainable, for by suitable manipulation of the catheter the 
bladdei can be emptied more completely than is usually possible by the 
voluntary efforts of a parturient woman A first wash with sterile dis- 
tilled water is advisable, in order to obtain the last traces of urine in the 
bladder The procedure should be so timed that it terminates on the 
last moment of the twenty-four-hour period 

While this routine may seem to some unnecessary, we are certain from 
long experience in metabolism experiments with animals that it is the 
only scientific procedure in metabolism studies with bed-ridden patients 

COIMPLETE NITROGEN PARTITIONS 

Tables 3, 4. and 5 contam the complete analyses for the three normal 
cases whose metabolism was reported in summary in the previous paper 
Several points of interest may be seen in the day-to-day record For 
example, the influence of the changes in diet from "ordinary hospital 
fare” containing meat to a diet consisting laigely of milk, can be seen 
especially in the columns for ammonia, creatin and total purin nitrogen, 
and the variation in all the fractions which occur normally, or the range 
of error, as the case may be, is exhibted 

METHODS OF ANALYSIS 

Total nitrogens were determined by the Kjeldahl method, using 
Folin’s sulphate mixture for hydrolysis, urea-plus-ammonia by Bene- 
dict’s® method, ammonia as already stated, creatmm and creatin by 
Folin’s colorimetric method, converting creatin to creatmm m 500 c c 
flasks provided with pipet condensers and kept on the electric stove ]ust 

6 Benedict Jour of Biol Chem , 1911, viii 495 
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below boiling for three hours; total purin by a modification of HallV 
sedimentation method, which is in principle the old Camerer-Arnstem 
method of precipitation with silver, and amino-acids by a modification 
of the new formalin titration method introduced by Henriques and 
Sorensen ® Only the two last-named methods require any comment 

TOTAL PCrilIN' METHOD 

We began with Hall's purmometer, but owing to the fact that the purinometer 
can be used for only one determination in twenly-four hours, if results at all 
accurate are to be obtained, we have adapted the method to the use of the 
centrifuge ns follow’S 14 cc of urine (the tiventy-four-hour urine diluted to 
2,000 c c ) , IS placed in a graduated centrifuge tube and 2 c c of Hall’s purin- 
ometer, solution Ho 1, IS added and the resulting precipitate centrifuged From 
the supernatent fluid 1143 cc (equals 10 cc urine) is then measured into 
another centrifuge tube and 2 c e of strong ammonia and 2 e c of 3 per cent 
Sliver nitrate solution are added This mixture should stand for one-half hour 
or more to allow’ complete reaction A centrifuge running at 1,800 revolutions 
per minute will throw dow’n all the silver-purin m about twenty minutes This 
precipitate is then stirred up with a glass rod and is washed twice with a 1 per 
cent solution of ammonia, being thrown down each time by running the centri- 
fuge for about five minutes Finally it is washed into a Kjeldahl flask, the 
ammonia is boiled off wnth magnesium oxid and the regular Kjeldalil procedure 
follows for direct determination of the nitrogen Titration is best accomplished 
with N/50 HAOH solution 

With a six-arm centrifuge the method is fairly rapid and is certainly not less 
accurate than the original Camerei-Arnstein metliod or any of its many earlier 
modifications This wc have sabsfied ourselves of by use of pure unc acid, 
xanthiu and hypoxanthin 

AMINO-ACID SIETIIOD 

The ammo acid fraction w’as determined at first by only a slight modifica- 
tion of the so-called “new” method of Hennques and Sorensen This modifica- 
tion consisted only in driving off the ammonia by the aeration method of Folin, 
running the most lapid current of air obtainable with a suction pump (nearly 
always over night, eighteen hours ) Controls with NH4CI solution in equal volume 
of water (50 cc ) convinced us after a time that we weie not getting quite all 
the ammonia especially in urines containing much of it, and this conclusion led 
us to adopt a different method of removing the ammonia, namely, by precipita- 
tion with pliospliotungstic acid“ 

The method ivhich we now use is as follows Take 200 c c of urine and add 
an equal volume of 10 per cent phosphotungstic acid in 2 per cent HCl Allow 
to sediment for at least four hours (better over night) Pour off 200 c c of 
the supernatant fluid into a 250 c c flask, add 1 c c of 1 per cent phenolphthalein 
and saturated solution of barium hydrate, or barium hydrate in substance, until 
the solution turns decidedly pink Make up to 250 cc with water, stopper 
shake up thoroughly and let stand for two hours Filter off two 100 c c samples 
(equals 40 cc urine each) for duplicate titrations, and follow the regular 
Hennques and Sorensen procedure observing all precautions 

7 Hall, I Walker The Punn Bodies of Foodstuffs, 1903, p 149 

8 Hennques and Sorensen Ztschr f physiol Chemie, 1910, Ixiv, 120 

9 Benedict and Murlin Proc Soc foi Evper Biol and Med , 1912, iv, 109 
10 For a good critique of tins method see “Die Formoltitration,” by H 

Jessen Henson m Abderhalden’s Arbeitsmethoden, 1913, vi, 262 
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DISTEIBUTION OP THE HITEOGEN IN THE URINE OP NORMAL 

PREGNANCY 

The data regarding the blood-pressures, temperatures, pulse and 
lespiration in Tables 3, 4 and 6 should he convincing evidence, when 
taken m connection with the absence of symptoms, that these three cases 
were entirely normal in every respect All of the patients were in the 
last month of pregnancy They were placed in a separate ward under the 
care of a nurse whose mam occupation was the supervision of their diets 
and the collection of their urines The women did no work and were 
practically m a condition of lest during the course of these observations 
On the first two days and the fourteenth or last day of the observation 
period, they were kept on a regular ward diet which contained meat 
Trom the thud to the ninth day mclusive they received a diet of whole 
milk, bread and butter, and a constant amount of milk-sugar An effort 
was made to keep the calories supplied proportional to the requirements 
of the individuals , but in this we did not wholly succeed The require- 
ments for women in the last few weeks of pregnancy, who are resting 
quietly in bed, has been found by Carpenter and Murlin,^^ by means of 
both the direct and the indirect methods of calorimetry, to be m the 
neighboihood of 30 calories per kilogram Tor a fat woman it would 
not be more than 27 calories per kilogram 

We estimated the requirement for these patients sitting up part of 
the time and moving about the ward, to be not over 35 calories per 
kilogram Only one (Case 2) of the three took that quantity of food for 
any length of time, and is the only one that shows a distinct gam m 
weight But for the severe catharsis given on December 16, the patient 
would probably have finished the two-weeks period a couple of pounds 
heavier than at the start That all of the patients were fairly well 
nourished, however, and that the children did not suffer, is shown by the 
fact that within three weeks all came to parturition and delivered chil- 
dren weighing as follows Case 1, 9 pounds, 4 ounces , Case 2, 9 pounds, 
8 ounces , Case 3, 7 pounds, 2 ounces 

In our preliminary paper and m a more recent contribution® by one 
of us, the general physiological significance of the different nitrogen 
fractions has been sufficiently considered The questions that require 
further evidence and discussion are To what extent does piegnancy of 
itself alter the distribution of the nitiogen^ and can such alterations he 
accounted for on purely physiological grounds^ 

To answer the first question with any approach to accuracy it is 
necessary to compare the metabolism between the pregnant and the non- 
pregnant states either m the same individual or in different individuals 

11 Carpenter and Murlin The Energy Metabolism of Mother and Child Just 
Befoie and Just After Birth, The Archives Int Med, 1911, vii, 184 
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m tlie same general liealtli, age, etc , and m either case on the same diet 
It IS desiiable that the nitiogen balance should be known so that the 
influence of nitrogen letention may be obseived Foi the dog these con- 
ditions have been rigorousl}’’ met by following the metabolism on the 
same diet thioughout the entiie gestation peiiod^- For the woman, m 
addition to our studies, a paper by Landsberg^^ has appeared recently in 
which the author compares the metabolism as to the urea, ammonia and 
amino-acid nitiogens of six non-piegnant women with that of ten nor- 
mally piegnant women, all kept on similai diets Hitiogen, sulphur and 
phosphoiiis balances were kept Ileynemann^'* has done the same, omit- 
ting the balance studies, foi the cieatin and cieatinin Falk and Hessky^® 
a short time hefoie had made anal 3 'SGS foi ammonia, ammo-acid and 
polypeptid nitiogens in the uiines of both piegnant and non-pregnant 
women, but then conditions ueie appaiently not so carefully controlled 
We believe that ue now have in these reseaiches, togethei with oui 
ovm, sufiicient data to enable one to forecast pretty definitely for the last 
weeks of a noimal piegnancy (foi a woman whose intake of food is known 
and IS sufficient to meet her lequiiements), what the distribution of the 
mtiogen should be 

UREA NITROGEN 


It IS now demonstiated''’’ that the retention of nitrogen in pregnancy 
will cause a diminution in the absolute amount of urea excreted Both 
in dogs and m women it is found that wheie retention of nitrogen is 
known to be greatei, oi where the conditions for nitrogen retention are 
known to be present, the urea falls The percentage fall is even greater 
than the absolute fall, because, as we shall see later, certain other nitrog- 
enous constituents of the mine aie slightly increased 

Landsberg’s experiments unfoitunately are largely mvalidated so 
far as the urea determinations are concerned by the method employed, 
namely, taking the total nitrogen in the filtrate after removal of ammonia 
and piecipitation with alcohol and ether (Spiio’s method) Multiplying 
this amount of nitrogen by 15/7 is said to give the urea nitrogen Tins 
method has long been known^° to yield all of the creatmin and liippuric 
acid nitrogen, part of the uric acid and probably a large part of the 
creatm nitrogen (which is neaily always present in the urine of late 
pregnancy), in addition to the urea nitrogen Landsberg^s estimate of 
the fraction (82 to 86 per cent ) is therefore certainly too high, possibly 
as much as 6 or 7 per cent However, even by this method, he finds the 


Murlin Am Jour Physiol , 1911, xxviu, 422 
Laiidsherg Ztschr f Geburtsli u Gynak , 1912, Ivvv, 163 
Heynemann Ztschr f Gehurtsh u Gynak , 1912, Ixxv, 110 
Falk and Hessky Ztschr f klm Med , 1910, Ixxi, 261 
Howe and Hawk Comparative Tests of Spiro’s and Folin’s Methods foi 
the Determination of Ammonia and Urea Jour Biol Chem , 1909, v, 477 ee 
also Neubauer and Huppert’s Analyse des Hams, 1910, p 574 
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average peicentage for normal pregnancy (83 6 per cent ) lower than for 
normal non-pregnant women (85 02 per cent ) 

The three normal cases here reported show an average of 77 8 per 
cent , 70 8 per cent and 81 4 per cent , respectively (Tables 3, 4 and 5 
The lowest percentage occnis in the nrme of the patient (Case 2), who 
received most nearly her requirement of food, who gained most in weight 
and was therefore probably retaining most nitrogen The next lowest 
occurs in the patient (Case 1), who received the medium amount of food, 
and, as the figures stand, the highest percentage occurs in the case (3) 
that received the lowest amount of food per unit of weight It is prob- 
able, however, that the average for Case 3 is too high (see note at bottom 
of table). 

The same relationship holds also for the uiea-plus-ammoma nitrogen, 

1 e , for all the nitrogen that comes from the end-products of protein 
digestion or from putrefaction in the alimentary canal Such a relation- 
ship would not hold if the factor of undernutrition, which Totin’^® has 
shown to play an important part in determining the percentage of urea, 
ammonia, etc , entered here 

The urea average for the whole antepartum period, taking the three 
cases together, is 76 6 per cent For the three cases reported by Murlin® 
it was 75 6 per cent The range in all six cases is from 70 8 ( Case 2 this 
senes) to 79 4 (Case 1 former series) Taking urea and ammonia 
together or "total-amid nitrogen” the average for this series is 84 2 per 
cent , for the former series 82 5 per cent The range is from 80 3 (Case 

2 this series) to 86 7 (Case 3 former series) 

AMMONIA NITROGEN 

These tables show something of the range that may be expected in the 
ammonia excretion from normal cases foui to six weeks before delivery 
Case 1 shows an average of 0 74 gm , 6 9 per cent of the total nitrogen. 
Case 2, 0 54 gm , 10 3 per cent of the total, and Case 3, 0 51 gm , or 5 3 
per cent of the total Landsberg finds as the results of about four days’ 
examination on ten patients that Ihe average of all is 0 786 gm ammonia 
nitrogen, or 6 8 per cent as contrasted with 0 771 gm , or 4 3 per cent 
from SIX non-pregnant women on a similar diet Landsberg does not lay 
special stress on the fact that the absolute amount is but slightly higher 
and that the difference in percentage is really due to the larger output 
of total nitrogen (16 03 gm in the non-pregnant subject, as compared 
with 12 68 gm in the pregnant) Falk and Hessky, among the later 
observers, also found the relation of the ammonia nitrogen to the total 
nitrogen ^‘higher than the figures which are assumed to be normal on a 

17 The averages in these tables differ slightly from the averages published 
in our preliminary paper because three moie days are here included 

18 Folin Am Jour. Physiol , 1905, xiii, 66 
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Quantitative Urine Analysis of Nitrogen Fractions 
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Quantitative Urine Analysis of Nitrogen Fractions 
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mu'ed diet (3 to 5 pei cent )," and their table shows many instances of a 
peicentage higher than any that we have found except on a day of 
catharsis (see table). 

Since the liver is the oigan especially charged with the conversion of 
ammonia to uiea, paiticiilaily that ammonia which may arise from putre- 
factne piocesses m the laige intestine/® it has been assumed that a high 
ammonia, unaccounted for by any unusual acid bodies in the urine, is a 
sign of liver inefficiency/® and Falk and Hessky adopt this explanation 
of then findings, pointing out that the intoleiance of the pregnant woman 
for levulose is a parallel indication 
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1 Acetone, albumin and diacetic acid absent 2 Error probably on urea 3 Some urine 


lost 


Heynemann, however, reviews all the signs of liver inefficiency which 
have been accepted by different observers, including urobilinuria, faully 
fat metabolism, levulosuria, etc , and reaches the conclusion that none of 
these have been established He cites, for example, work tending to show 
that all female subjects have a lower tolerance for levulose than have 
male suboects with whom the pregnant have so often been compared 
Landsberg seems to dispose of the high ammonia as a sign of liver ineffi- 


19 Eohn Jour Biol Cbem , 1912, xi, 161 

20 See, for example, Ewing and Wolff Amer Jour Obst, 1907, Iv, 289 
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ciency by showing that the ammonia runs paiallel to the total acidity in 
snch nnnes The excess acid he thinks may originate in the fetus 

While we are quite prepared to admit the possibility of Landsberg’s 
explanation, it must be remembered that he has in his own figures and 
we have in ours only a slight discrepancy in the absolute amount of 
ammonia nitrogen to be accounted for As a matter of fact, we do not 
regal d our absolute ammonia figures as high at all It is only the relative 
or percentage amount, which is high and that is partly explained at once 
hy the lower total nitiogen exoetion Assuming, however, that this is 

NoMiiAL Pbegnancy CASE 3 (E B ) Ninth Month 


Quantitative Urine Analysis of Nitrogen Fractions 
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4 Oatmeal, bread, graham crackers, baked potato 3 Fifteen gr thyroid extract daily 


not sufficient explanation, is it not possible that the higher ammonia is 
due to a high relative (not high absolute) acidity^ Suppose the fetus 
were drawing bases from the maternal blood more rapidly than acids, the 
effect would be to increase the ammonia in the urine of the mother, just 
as IS known to occur when an excess of bases is excreted through the 
bowel 


21 Cf Steinitz Jahrb f Kinderh , 1903, Ivii, 689 

21a Hoffstrom [Skand Archiv f Physiol , 1910, xxni, p 326] indeed has 
shown that the fetus lays claim to the calcium of the food much more rapidly 
than to the sulphur and phosphorus 
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INFLUENCL OF CATHARSIS 02^ ^UCMONIA PERCENTAGE 

On December 16 two of tlie three patients weie given calomel, salts 
and high colonic iiiigation for the pm pose of preparing the bowel for 
the administiation of cieatm the next day (see below) The tables show 
that the volume o£ mine was much leduced m Case 2, a fact which we 
ha^e asciibed to the ledueed absoiption from the bowel The amount of 
creatmin shown indicates that theie was no reduction m the endogenous 
metabolism as the lesult of this tieatment, but the amount of total 
nitiogen shows cleaily that there was a verj' great change in the amount 
of protein mateiial absorbed during the twenty-four liouis Singularly 
enough, the absolute quanfit}^ of ammonia on the day of catharsis was the 
same as the da)’’ before, but the percentage amount was enormously 
increased on account of the low excretion of total nitrogen The cathaisis 
in this patient must have been unusually severe (note the loss m weight), 
but there was no visible contamination of the urine from the bowel The 
same phenomenon is to be seen in Case 3 on the day of catharsis, the rise 
in peicentage being, howevei, veiy small as compaied with Case 2, doubt- 
less on account of a less complete purging The absolute amount of 
ammonia was the same as the day befoie, and, by a coincidence, the same 
as for the corresponding day foi Case 2 The rise in percentage for this 
day, while not more than might occur independently of such a cause, 
seems to be best explained by the fall in the total nitrogen This empha- 
sizes again the impoitance of great care in the interpretation of high 
ammonias 

CREATININ NITROGEN 


The chemical history of this fraction of the nitrogenous waste fiom 
the body has not yet been fully revealed It seems to be proportional in 
amount to the muscular development of the individuaP^ and therefore to 
be associated m some way with the functioning of this tissue, but not 
with the amount of work it does It has been strenuously held by some 
that the creatmin of the urine bears no physiological relationship with 
the creatm which is always found in the watery extract of muscle and 
which IS chemically so closely related to creatmin But the recent 
experiments of Towles and Yoegtlin-® on the subcutaneous administia- 
tion of creatm to fastmg dogs and to dogs with the Eck fistula and the 
observation of Myers and Erne”® that the daily output of the dog, oat 


22 Shaffer Am Jom Physiol, 1908, xxiu, 1 ^ ^ 

23 Shaffer Idem, xxn, 445, Von Hoogenhuyze and Verploegh, Ztschr t 
physiol Chemie, 1905, xlvi, 415, Pekelharing and Von Hoogenhuyze, Idem, 

^^24 Pohn^^^Hammersten’s Festschrift 1906, p 1, Von Hoogenhuyze and 
Verploegh, Ztschr f physiol Chemie, 1908, Ivii, 161 

26 Towles and Voegtlin Jour Biol Chem , 1912, x, 479 
26 Myers and Fine Jour Biol Chem , 1913, xiv, 9 
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and rabbit is roughly proportional to the percentage content of cieatin 
in their mnscles, go far toward pioving a close relationship between them 
Until this point is settled we shall not be able to appreciate the exact 
significance of cieatmin, but it will be interesting at all events to see 
how its elimination in the pregnant woman compares with that in normal 
non-piegnant individuals. 

OreaUnvn Coefflcient — The number of milligrams of creatmin 
nitrogen excreted in twenty-four hours, per milligram of body weight, is 
known, aftei Shaffer^-’ (loc cit ) as the ^^creatinm coefficient ” Shaffer’s 
average value for “37 supposedly normal individuals” was 8 1, maximum 
11 7, and minimum 5 4 One of Shaffer’s “pathological cases” was a 
woman in normal pregnancy She was of “only fair muscular develop- 
ment, slender and active ” Her creatmin coefficient in the seventh month 
of her pregnancy was 6 35, early in the ninth month it was 6 75, and one 
week before labor was 6 2 — all obtained on a creatin and creatmin-free 
diet Shaffer does not state whether he regards this as a low coefficient, 
but does accede to the statement of Benedict and Meyers^ ^ based on their 
study of the creatmin coefficient m insane but otherwise normal women 
that “the creatmin coefficient of women is, m general, lower than for 
men ” Shaffer explains this as due to the relatively large amount of fat 
and smaller amount of muscular tissue m the average woman and 
expresses the belief that “sex per se has no significance ” So far as we 
are aware no other coefficients for normal or non-pregnant women have 
been published Heither Van Hoogenhuyze and ten Doeschate^® nor 
Heynemann,^® who have reported extensive studies m pregnant women, 
give the weights of their subjects 

From the results published by one of us'^ a short time ago, it is 
possible to calculate the coefficient for one case who was kept on a creatin 
and creatmm-fiee food for several weeks preceding her labor Taking 
the aveiage of twenty-one days the excretion of creatmin nitrogen was 
0 24 gm The average net weight for this period was 69 2 kilograms, 
which gives a coefficient of 3 5 — but little higher than that found by 
Benedict and Myers for a woman convalescent from typhoid (namely, 
31 ) 

The average coefficients for that portion of the period of observation 
when the subjects of the present series were on a creatin and creatmm- 
free food (eleven days) are 4 7 for Case 1, 3 2 for Case 2 and 4 7 for 
Case 3 It is probable that all four of these cases carried more body fat 

27 Benedict and Myers Am Jour Physiol , 1907, xvui, 377 

28 Von Hoogenhuyze and ten Doeschate Ann de Gyn6c , 1911, Series 2, VIII, 
17 and 97 

29 Heynemann Ztschr f Gebhrtsh u Gynak , 1912, Ixxi, 110 
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than Scliailer’s "slender women,” which no doubt explains in part the 
discrepancy between his coefficient and ours Even his case, however, 
shows a lowei coefficient than the average for a normal man, and, if sex 
per se plays no part, lower also than for the non-pregnant woman 
One reason for this will be apparent at once, namely, the dilution, 
if we may call it such, of the body weight by the uterine contents Myers 
and Erne”" have recently confirmed for the cat the observation originally 
made by Dorner®® for rabbits, and later by Mellanby^^ for both rabbits 
and chickens, that young individuals have less creatin in their muscles 
than adults of the same species , and Eose“~ has found the creatin content 
of the muscles of the new-boin infant to be only 0 07 per cent, as against 
0 3 per cent for the adult Mendel and Leavenworth^^ have furnished us 
the only determinations yet made foi the embrj'o, in the case of the pig, 
reporting 03 pei cent foi an embrj-^o of 265 mm length as compared 
with 0 45 per cent, leported by Van Hoogcnhuyze and Verploegh®* for 
the muscles of the giown animal Presumably the same relationship 
would hold for the human embijm of corresponding age, and the creatin 
content would gradually increase up to 0 07 per cent found for the new- 
born mfant 

We have been unable to find any analyses of the piegnant uterus for 
cieatm Judging by the analysis of the non-stiiated muscle of the 
stomach, bladder, leti actor muscle of the penis®® and for the inter- 
mediate t}'pe of muscle in the heart,®'^ it should be considerably less than 
that of striated muscle 

If creatin is the mother substance of cieatinm m the urine, therefore, 
neither the fetus nor the uterus may be supposed to contribute much of 
it The placenta, presumably, and the membranes and the fluids cei- 
tamly, would contribute none at all All of this weight would serve, as 
does the body fat, to reduce the creatmin coefficient Even if creatmm 
does not come from creatin, we know from the fact that the elimination 
of creatmin by the new-born child is very small, that the production of 
this substance by the fetus must be negligible 

Support for this view is found also in the following observations, some 
of them unpublished, on a pregnant dog 

30 Dorner Ztschr f physiol Chem , 1907, lu, 264 

31 Mellanby Jour Physiol, 1908, xxxvi, 447 

32 Rose Jour Biol Chem, 1911, x, 265 

33 Mendel and Leavenworth Am Jour Physiol , 1908, xxi, 100 

34 Von Hoogenhuyze and Verploegh Ztschr f physiol Chemie, 1905, xlvi, 432 

35 Saiki Jour Biol Chem, 1908 iv, 483 

36 Bugha and Constantino Ztschr f physiol Chemie, 1912, Ixxxi, 122 

37 Furth, V, and Schwarz Biochem Ztschr, 1911, xxx, 413 



JOEV R MUBLIN— HAROLD C BAILEY 


305 


ON 

CKEATIN AND 

CREATININ ITEEE FOOD 


Week of 

Weight, 

Creatinin per Twenty-Four Hours, 

Gestation 

kg 

mg 

mg per kg 

III 

13 7 

118 

86 

VII 

15 2 

118 

77 

ON 

DIET CONTAINING 275 GM BEEFHEAET 


Week of 

Weight, 

Creatinin per Twenty-Four Hours, 

Gestation 

kg 

mg 

mg per kg 

IV 

13 9 

135 

97 

IV 

Third day aftei 

16 5 

135 

82 

parturition 

13 9 

147 

10 6 


The return of the weight to 13 9 kg so soon after delivery of the 
pups shows that the increase in weight in pregnancy was due mainly, if 
not entirely, to the product of conception and not to body fat The rise 
of the coeflScient after parturition is due to the discharge of some creatin 
from the involuting uterus in the form of creatinin 

This explanation may not be wholly adequate for the human organism 
It will he impossible to determine whether it is or not until a rigid 
comparison is made between pregnant and non-pregnant women, whose 
weights are knovra, on proper diets 

Our observations on these cases having teiminated nearly three weeks 
previous to delivery, the rise in creatinin excretion which was previously 
reported® as occurring in the last week or ten days of pregnancy does not 
appear here 

The creatinin and creatin metabolism just before and just after par- 
turition has been fully discussed in former publications Heynemann^s 
work within the year has confirmed the conclusions we had already 
reached as to most of the points in discussion, and particularly as to the 
bearing which any alterations in this metabolism in normal pregnancy 
might have on the question of liver inefficiency He argues, as did 
Murlin, that if it were shown satisfactorily that the liver does produce 
creatinin from creatin, and if it were shown further that in pregnancy 
the increase in creatin output is accompanied by a decrease in creatinin 
output, we might feel justified in accepting this as a sign of liver 
inefficiency, as do Van Hoogenhuyze and ten Doeschate The former 
proposition, however, seems to be growing less rather than more secure 
as evidence accumulates, and on the latter there is no evidence at all as 
yet, for the tables of Van Hoogenhuyze and ten Doeschate do not show 
a decrease in the creatinin any more than do those of Heynemann or 
Murlin, and if they had followed the excretion of creatinin on a constant 
diet up to the day of parturition it is probable that they also would have 
seen a rise in this constituent rather than a fall Heynemann’s figures 
for the creatinin output vary so much from day to day that it is impos- 
sible to say whether his results confirm or refute his argument 
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We are not inclined to lay much stress on the results from Eek 
fistula, especially if the hepatic aitery be not tied, for Fischler^® has 
shown that neither the foimation of bile nor the carbohydrate' tolerance 
IS affected by this operation Nevertheless, the newer experiments of 
Towles and Voegtlin-'’’ seem to show quite conclusively that whatever 
damage is done to the metabolic processes by this operation the trans- 
formation of cieatm to creatinm is not one which suffers They conclude 
that the liver is not an organ of prime importance in connection with 
the metabolism of these substances 


CHEATIN' NITROGEN 


There is general agreement among the observations of Van Hoogen- 
huyze and ten Doeschate, Hejmemann and ourselves as to the appearance 
of creatm m the urine of late pregnancy, even on a creatm and creatmm- 
free food The three cases of the piesent senes fall into Ime "with 
previous ones Case 2, however, shows less creatm than the others, and 
we can find no other explanation than the fact that the patient took more 
food per kilogram of body weight than the others The appearance of 
creatm on the nmth and tenth days of the period may be the result of 
thyroid feeding on the eighth and nmth days All the patients received 
on these days 15 grains of dried thjToid extract. This was the only case 
which showed any effect, and the only effect which any case showed 
It IS possible that by feeding a larger amount of carbohydrate the 
urme could have been kept clear of creatm throughout Mendel and 
Eose^® have shown that for the rabbit at least a small amount of carbo- 
hydrate is sufficient to prevent or to dimmish greatly the excretion of this 
constituent m the urme of otherwise fastmg animals As suggested in a 
former paper,*^ it is possible that the appearance of creatm m the urme 
of late pregnancy is due to the rapid diffusion of dextrose, the carbo- 
hydrate of the blood, through the placenta and its fixation or combustion 
there, thus deprivmg the maternal organism of its protectmg influence 
On December 16, the twelfth day of the experiment period and the day 
foUo'wmg thorough cleansmg of the bowel, we fed two of the three 
patients (Cases 2 and 3) each 1 gm of pure creatm,^® the object bemg 
to test the capacity of the pregnant organism to elimmate or to utilize 
this form of nitrogen Out of the 320 mg of nitrogen admmistered, we 
recovered only about 60 mg from Case 3, and none at all from Case 2 
(a small quantity of urme was lost, however, from Case 3) Our hope 
was that by thorougHy cleansing the bowel and thereby reducmg the 


38 FiscWer, cited by Wolf Jour of Biol Chem, 1912, x, 473 
30 Mendel and Bose Jour Biol Chem , 1911, x, 213 

The creatm was prepared for us by Br Stanley E Benedict who also sug- 
gested the catharsis as a preparation for its administration 
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possibility of bacterial decomposition a larger amount of the creatin fed 
might pass into the urine The experiment is not very conclusive, but 
IS in accoi dance with the previous results of Folin and Yan Hoogenhuyze 
and Yerploegh to the effect that creatm in the food is largely destroyed 
or IS retained in the body of normal pei sons 

TOTAL PDRIN NITROGEN 

The total purin nitrogen excreted includes not only the nitrogen of 
uric acid, but also that of the less completely oxidized purin bases, 
hypoxanthm, xanthin, adenin and guanin, and that of any methylated 
compounds of this series like caffein, theobromm, etc 

Excluding coffee, tea, etc , which might contribute methylated com- 
pounds to the urine, the amount of total purin nitrogen excreted on a 
purm-free diet is the best measuie we have of nuclein metabolism in the 
body, 1 e , of the destruction of cell nuclei Following the terminology 
of Burian and Schur,^^ this is known as endogenous nuclein metabolism 

There is still a difference of opinion whether the uric acid should 
be legarded as an end stage in the metabolism of nucleins^^ or as only 
an intermediary stage on the way, by uricolysis and oxidation, to urea 
Concerning the other purms there is no doubt that they could be 
oxidized to uric acid if opportunity offered, so that the amount in which 
they appear in the urine is more or less fortuitous 

The amount of purin nitrogen excreted by the pregnant subject is a 
matter of some interest because of the important part which nuclei play 
in embryogenesis and histogenesis 

Our normal subjects were kept foi eleven days on a diet which was 
nearly, if not quite, purin-free Tea, coffee and cocoa were excluded 
The output of total purin nitrogen, then, for these eleven days is a 
measure — a rough one probably — of the extent to which cells are being 
broken down and their nucleins destroyed The tables give the average 
elimination for the entire fourteen days When meat was ingested on 
the first two and last days, considerably more purin was found in the 
urine Taking the average of the purm-free days we find that Case 1 
eliminated on the average 0 36 gm , Case 2, 0 24 gm and Case 3, 0 31 
gm purin nitrogen , or, expressed as a coefBcient in milligrams per kilo- 
gram of body weight. Case 1, 4 8 , Case 2, 3 7, and Case 3, 3 7 

The only experiments which we have been able to find on purm-free 
diets m which the total purin nitrogen was determined by a reliable 
method, are those of Cathcart^^ (Camerer-Arnstem method) on the 

41 Burian and Schur Pfluger’s Arch f path Anat , 1901, Ixxxvn, 239 

42 Wiechowski Arch f exper Path , 1909, lx, 185 

43 Cf eg Frank and Schittenhelm Ztschr f physiol Chemie, 1909, 
Ixni, 269 

44 Cathcart Biochem Ztschr , 1907, vi, 109 
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professional faster Beaut6, and those of Mendel and Lynian“ (method 
of Kiuger and Schmid) on normal male subjects 

Beautd, on an egg and milk diet, excreted 0 194 gm of total purm 
nitrogen just befoie a fast of fouiteen daj's, and 0 166 gm on the same 
diet just aftei the fast In milligiams per kilogram of body weight the 
coefficient was 3 0 and 2 8, respectively 

In Mendel and Lyman^s expeiiments their subject, W H H, excreted 
0 139 gm total purm nitiogen on a puiin-free diet, and J F L excreted 
0 144 gm Tlie coefficients per kilogi am were 2 4 and 2 1, respectively 
It appeals that the piegnant woman excietes not a little more purm 
nitrogen pei unit of weight than does tlie noimal man It has long been 
knowm that the new-boiii infant excietes much more uric acid per unit 
of wmight than does the adult, and moie also in the relation to the urea 
excretion Both Flcnsbuig and Eensing'*® find the explanation of this 
fact in the In^iei leukocytosis and the consequent high destruction of 
leulvocjdes going on in the infanFs body during the early days of extra- 
uterine life Tins hypeileukocjdosis occuis also in the fetus and it is 
known that the leukocytes aie destroj'ed both in the spleen and in the 
connectne tissues Hence ive should expect a lapid production of both 
uiic acid and of purins •which must be eliminated through the maternal 
system, since Mendel and Leavenworth'*® found no uncolytic enzyme in 
the embiyo pig 

AMINO-ACID NITROGEN 


Following the caution of Heniiques and Sorensen, we wish to empha- 
size the fact that the fi action of nitiogen actually determined by the 
titration method includes some nitrogen in the form of polypeptids or 
other combinations, nevertheless it is customaiy to include all such free- 
acid groupings as can be set free for titiation by neutral formaldehyd 
solution, after removal of ammonia, under this designation, and the 
method of Heniiques and Sorensen certainly gives us as close an 
approximation to the free amino-acids as any that we have at present 
Eecent determinations of the amino-acid nitrogen in pregnancy bv 
Falk and Hessky^® and by Landsberg^® working by the so-called ^ffiew 
method,” show that this fraction is slightly increased over the amount 
found in the urine of the non-pregnant woman on a similar diet The 
former observers found the average from non-pregnant subjects to be 
0 17 to 0 29 gm m twenty-four hours, or 1 9 to 2 8 per cent of the total 


]\t6Jid6l and Lyinan Jour Biol CIigid , 1910, viii, 115 
Quoted bv Czerny and Keller Ernahrung des Kindes, 1906, i, 216 

47 Minot In Keibel and Mali’s Embryology, 1911, ii, 504 

48 Mendel and Leavenworth Am Jour Physiol , 1907, xv, 97 

49 A comparison of the gasometric method of Van Slyke with the titration 
method of Henriques and Sorensen has been made on a variety of urines y 
Levene and Van Slyke Jour Biol Chem , 1912, xii, 309 


45 

46 
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nitrogen Landsberg reports 0 4 to 0 48 gm , or 2 5 to 3 0 per cent , of 
tbe total nitrogen These figures agree fairly well with the percentage 
given by Hennqnes (2 2 per cent ) and with that by Levene and by Yan 
Slyke^° for normal urine. 

In normal pregnancy Falk and Hessky find from 2 to 8 per cent of 
the total nitrogen may be present in the form of amino-acids and Lands- 
berg makes the figures from 0 23 to 0 67 gm , or 2 4 to 4 9 per cent of 
the total It will be observed that the absolute amount ranges even lower 
in the pregnancy urine than m that from non-pregnant women Lands- 
berg himself IS disinclined to lay much stress on the very small increase 
which some cases show, and coirectly refers a portion of the relative 
increase to the lower total nitrogen 

It will be seen from Tables 3, 4 and 5 that our results also show but 
a small increase over the amount considered normal With Case 1 we 
have as the average of thiiteen days, 0 47 gm amino-aeid nitrogen, or 
4 4 per cent of the total , with Case 2, for fourteen days, 0 26, or 5 per 
cent of the total, and with Case 3 foi thirteen days, 0 31 gm, or 3 3 
per cent of the total All of these come within the range given by 
Landsberg We call special attention to the fact that the lowest average 
absolute amount (0 26 gm ) is at the same time, owing to the low output 
of total nitrogen, the highest relative or percentage amount (5 per cent ) 
This shows how much the nitrogen retention may have to do with the 
percentage 

The agreement among all observers usmg a reliable method therefore 
IS verv close, and the lower figures should supercede those of Van 
Leeisum,®® who used his own modification of the old Schondorff- 
Pfaundler method, and those of other observers who have denominated 
the rest nitrogen, after determination of urea, ammonia, creatmin and 
uric aid, as the ‘^ammo-acid nitrogen 

Falk and Hessky consider that their figures show a sufficient increase 
to indicate a distinct disturbance of metabolism and place their results 
on the side of those who regard the liver as the seat of this functional 
disturbance In refutation of this view it is sufficient at this time to 
cite the new work of Folin®^ and his pupils and that of Yan Slyke and 
Meyer,®^ which appear to demonstrate conclusively that neither the 
intestine nor the liver has any more to do with deamination of absorbed 
proteins than have other tissues, if they have as much High ammo-acid 
nitrogen, therefoie, can no longer he cited as proof of defective deamina- 
tion in the liver 

50 Van Leeisum Biochem Ztschr , 1908, xi, 121 

51 Tolin and Denis Jour Biol Chem , 1912, xii, 87 and 141 

52 Van Slyke and Meyer Jour Biol Cliem, 1912, xii, 399 
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It IS only Avheie an absolute increase of one- or two-tenths of a 
giani of ammo-acid mtiogen or a relative increase of more than 2 per 
cent can be shown, that any explanation, other than that of individual 
vaiiation, analytical eiioi or ledistiibiition caused by letention of uiea 
nitrogen, is called foi While we liaie no non-pregnancy cases for 
dll eel compaiisoii, we doubt veiy mucli whether our lesults show au}’^ 
fuitlier depaiture than this If, however, we accept the slightly highei 
lesults of Falk and Ilcssky we believe that we are bound to seaich for the 
explaiiaiion in some physiological peculiai it}'^ of pregnancy before we 
declare the lesult a pathological one 

In attempting to account foi the condition of minus nitrogen balance 
which occuis in the dog at about the time coiiespondmg to the period 
of morning siclcncss in the woman, one of us,®^ thiee years ago, offered 
the hypothesis that this peiiod “simply marks the culmination of the 
moie 01 less indisciiinmate action of enzymes produced by the fetus” 
(fetal placenta) before the maternal placenta had been elaborated for 
the purpose of limiting the enzjmes Bai“ had suggested a similar 
explanation {une veritable mobilization des albumins) for the loss of 
nitrogen, but did not commit himself as to the part played by the 
placenta 

Eveiything that we Icnow about the implantation of the ovum certifies 
to its capacity to digest by proteolytic enzymes the uterine mucosa, and 
the morphological pictures which are presented by the process of vilus 
formation'^'' bear witness that the tiophoblastic cells which become the 
syncytial layer on the villus retain this capacity foi a considerable tune 
The demonstration by Graefenburg'^’' of such enzymes m the human 
placenta, especially in the early months of pregnancy, and the recent 
discovery of Abdeilialden'^® of enzymes in the blood of the pregnant 
woman, dog, cow and other animals, capable of splitting placental pro- 
teins, constitute significant support for the general view Williams and 
Pearce®'’ have found that these enzymes occuiring in the blood of the 
pregnant woman are not specific, but are capable of acting on other 
proteins as well, and it is our belief that their presence in the blood is, 
as Abderhalden®” admits to be possible, “simply a consequence of the 
commeice going on between mother and fetus, and signify only that a 

63 Murlin Am Jour Physiol , 1910, xxvii, 177 

54 Bar- Legons en pathologie obstetrical. Pans, 1907, ii, 288 

56 Bruce and Teacher Contributions to the Study of the Early Development 
and Imbedding of the Human Ovum, Glasgow, 1908 

56 Marshall Physiology of Reproduction, New York, 1910, p 484 

57 Graefenhurg Ztschr f GehUrtsh u Gynak , 1910, Ixv, 1 

58 Ahderhalden and Kiutsi Ztschr f physiol Chemie, 1912, Is^vii, 4 

59 Williams, P E , and Pearce, B M Proc Soc f Exper Biol and Med , 

1913 X 73 

6o" Ahderhalden Ztschr f physiol Chem, 1912, Ixxxi, 96 
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very extensive transformation must take place before the material of the 
maternal blood can be carried over to the fetal blood ’’ The action of 
placental enzymes has been offered by one of ns also as an explanation 
of the higher amino-acid content of the nrine of pregnancy If prod- 
ucts of proteolysis going on in the placenta were diffusible mto the 
maternal blood some of these products would pass to the kidney before 
there was an opportunity of their being deaminated or stored m the 
maternal tissues The amount passing out by the kidney would not 
depend in any special way on liver function, but on the quantitative 
relation between their escape from the placenta and their destruction or 
fixation in the maternal tissues 

UNDETERMINED NITROGEN 

Adding together all these fractions — urea, ammonia, creatm, ciea- 
tinm, total purm and mono-amino-acid nitrogens — there yet remains a 
small fraction undetermmed Of course, we must recognize the fact 
frankly that what remains may be error If an error of only 0 5 per cent 
should occur in each of the determinations made and all of the errors 
were by chance in the same direction, there might be an apparent 
undetermmed nitrogen of over 3 per cent Assuming, however, that in 
most instances such errors would counterbalance each other, we find 
left in almost all of the urmes we have examined an undetermined 
fraction of from 3 to 9 per cent A very small part is in some cases due 
to albumin, m a few urines we have determined what Henriques and 
Sorensen call the polypeptid nitrogen , i e , extra ammo-acid nitrogen 
after digestion of the urme with strong hydrochloric aid The indica- 
tions are that this would account for a considerable part of what we have 
called m our tables the ^^undetermined nitrogen ” Henriques and 
Sorensen have found such a fraction m normal urmes Falk and 
Hessky^® have determined the polypeptid nitrogen m the urme of both 
pregnant and non-pregnant women and have found an mcrease of from 
two- to three-fold the normal amount m the former Their percentage 
figures show about the same range as our percentage figures for the 
undetermmed nitrogen They believe the mcrease is due to an extra 
production of glycocoll m combination with aromatic and hydro-aromatic 
compounds similar to hippuric acid We have no data from non- 
pregnant sub3ects with which to compare our results for this fraction 
Grantmg, however, that it is increased, it seems to us more probable 
that compounds of the nature of oxyproteic acid, which Salomon and 
Saxe®^ have demonstrated to be present m the urmes of normal preg- 

61 Murlm Am Jour Physiol , 1911, xxviii, 450 

62 Salomon and Saxe • Chted hy Falk and Hessky See note 15 



312 


TEE ARCHIVES OF INTERNAL MEDIOIRE 


nancy in laiger quantity, or the non-dialysable substances which Savare®" 
found to be increased in such urines, are responsible 

The fact that the polypeptid nitrogen falls within twenty-four hours 
after delivery, as shown by Falk and Hessky, we should interpret to 
signify that it has its source m some function or process which ceases 
ordinal il}^ with complete delivery of the child and placenta This fact 
alone we should Ihink would be sufficient to absolve the liver from 
responsibility quite aside horn the new evidence that this organ has no 
special function to perform in i elation to amino-acids or polypeptids, 
for it IS difficult to see how it could recover its function completely in 
twenty-foui hours Still less could it be supposed to recover within this 
time if autolytic piocesses oi degeneiation of any other type withm the 
liver paiench3Tna weie the deteimining cause Falk and Hessky were 
unable to find any pol 3 qieplid nitiogen in the press-juice of a fresh 
placenta and concluded from this that the placenta could not be the 
souice of such bodies in the urine Forty pei cent of the total nitrogen 
in this piess-juice was in the foim of ammo-acid This is an important 
fact in connection with the source of amino-acid nitrogen of the urme 
Suppose, however, the amino-acids weie to escape from the placenta 
together with proteolytic enzymes, some of which have been proved to be 
reversible in their action, i e, can build up pol 3 'peptid compounds as 
well as split them into their component amino-acids Might not syn- 
thetic compounds be formed either in the circulation or in the kidney 
which "would pass through into the urine ^ The sudden decline of this 
fraction after paituntion, at all events, would seem to be better explained 
by a fetal (placental) oiigin than by a maternal origin 

SUMltfAEY A2W CONCLUSIONS 

1 In a perfectly normal pregnancy and puerperium the percentage 
of ammonia nitrogen in the mine before and after labor shows but slight 
differences and lies withm normal limits (4 to 6 pei cent ), except for 
one or two days immediately follo-wmg delivery, when it is slightly 
increased (7 to 10 per cent ) 

3 Further evidence is presented that high ammonias may be encoun- 
tered in noimal cases due to contamination of the bladder Irrigation 
of the bladder twice m twenty-four hours with saturated solution of 
boric acid caused reductions from 2 27 gm to 1 33 gm and from 1 07 
gm to 0 68 gm ammonia nitrogen in twen"ly-four hours, the food and 
total nitrogen being the same 

3 Complete nitrogen partitions for three normal cases over a period 
of fourteen days m the ninth month of pregnancy are given From these 

63 Savare Hoffmeister’s Beitr z cliem Pb 3 ^s u Path , 1907, ix, 401 
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results and from those of other cases previously reported, we deduce the 
following 

4 The percentage of total nitiogen eliminated as ut ea by a pregnant 
woman in the last month is somewhat lower than from a non-pregnant 
pel son, due largely to the retention of nitrogen for giowth of the product 
of conception The aveiage for our three cases for fourteen days is 76 6 
per cent The range for six cases is from 70 8 per cent to 79 4 per cent 

5 The ammonia nitrogen in perfectly normal pregnancies, in which 
the retention of nitrogen is large and the total nitrogen in the urine 
consequently small, may range as high as 13 per cent of the total and 
he unaccompanied by any unfavorable symptoms Immediately after 
severe catharsis it may reach the height of 17 per cent , because of the 
diminished absorption of nitrogenous food from the alimentary tract, 
and consequently diminished excretion of total nitrogen For this reason 
and because of the variations in the elimination of total nitrogen due to 
variations in the diet, it is inadvisable to rely on percentage figures in 
the determination of the ammonia, a point long ago insisted on by F 
Muller The absolute values are much more leliable In our experi- 
ments the absolute amount varies but slightly from day to day, and 
previous to delivery never exceeded 0 88 gm in urine known to be 
uncontaminated From these and earlier studies we are disposed to look 
on any amount up to 013 gm ammonia nitrogen per kilogram of body 
weight in the twenty-four-hour urine as well within normal limits 

6 The cieatimn coefficient of noimal pregnancy is much lower than 
the creatinm coefiicient of normal male subjects and is piobably lower 
than that of normal non-piegnant women This is due in part to the 
‘‘dilution” of the body mass in pregnancy with material (fetus, fluids, 
membranes, uteiine muscle,”^ etc ) which contain little or no creatin 

7 I’he occuirence of cieatin in the urine of normal pregnancy is 
confirmed in the present cases Its appearance, however, seems to be 
dependent, to some extent at least, on the amount of food taken 

8 The total purin nitrogen is slightly higher in the mines of normal 
pregnancy than in the urines of noimal male subjects on similar diets 
An explanation is found in the same facts which account for the liigh 
elimination of uric acid by the new-born infant 

9 The ammo-acid nitiogen, as determined by the improved formol 
titration method, is but slightly increased above the amount considered 
noimal in the urines of non-piegnant subjects This slight increase may 

64 According to E Mellanby LProc Roy Soc (B) 1913, Ixxxvi, 88], the 
uterine muscle contains no creatin at all, and that it cannot be the source of the 
inci eased output of creatin in urine postpartum Mellanby believes he has demon- 
strated by collection of urines after hysterectomy 
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be accounted for by supposing that proteolytic products, derived eithei 
from the placenta oi from maternal tissues by action of placental 
enzymes, are earned by the ciiculation in larger amounts than usual to 
the kidney which is permeable to them 

10 The midcici mined mtiogen is probably to be accounted for by 
polypeptid bodies, including 0x3^1 oteic acids 

11. In geneial, we believe that peculiarities in the composition of the 
mine of normal piegnancy as regards its nitrogenous constituents may 
be accoimted foi on puiely physiological grounds 



THE EEHAL COMPLICATIONS OE HEMATIN INTOXICA- 
TION AND THBIE DELATION TO 
MALAEIA 
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Descriptions of the paroxysm^ and of the changes in the blood^ pro- 
duced by the intravenous injection of alkaline hematin and their relation 
to hnman malaria have been presented in pievious articles, and it is the 
object of this paper to add a third group of conditions which may 
pioperly be described as the lenal complications of hematm intoxication 

The description of these renal complications is based on a study of 
two classes of material First, the urine and kidneys of a large senes of 
rabbits, in which the production of renal lesions and disturbances of 
function were not the objects of the experiments, but were merely 
incidental , and second, twenty rabbits, in which the production of renal 
complications was made the piime object of the expeiiments 

The hematin and hematin solutions used in these experiments were 
the same as in former experiments The animals were fed, for the most 
part, on a variety of green foods, with hay and ground grains, and 
allowed to take water at libeity The food in a given experiment was 
kept constant as to quality throughout the experiment, and the amount 
of water consumed during twenty-four hours was determined by supply- 
ing measured amounts in vessels so arranged that none could be wasted 
The water remaining m the vessel at the end of twenty-four hours was 
measured and corrections for evaporation were made from control 
vessels In only a few experiments were definite amounts of water given 
by stomach tube The urine collected from metabolism cages was used 
for routine study, but the qualitative findings were confirmed by bladder 
urine in many instances Observations were made on the normal urine 
foi one or two days before the injection of hematin In this connection 
it should be noted that the daily amount and character of rabbit’s urine 
IS so variable that but little importance can be attached to slight varia- 
tions in the amount of urine, the urine-water ratio or the character of 
the unne The results of the hematm experiments were controlled by a 
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senes of animals that received an equivalent volume of alkaline salt 
solution undei the same conditions as those receiving hematin 

The extieme iriegulaiity m the lesults of these experiments has 
shown conclusively that no given dose oi combination of doses of hematin 
can be expected to jnoduce a gi\en effect on the kidneys of the rabbit, 
and the lesults lepoited aie to be inteipieted as the most probable effect 
fiom a given degiee of hematin intoxication 

THE UEINE 

Amouni — A single dose of 10 mg of hematin per kilo of body weight, 
or less will pioduce no alteiation in the daily amount of mine If such 
doses aie repeated from day to day, hovever, slight luci eases in the 
output of uiine and in the latio of tlie mine to the watei consumed are 
gradually developed The mci eased volume of uime is also present where 
slightly larger doses of hematin aie administeied, but as the dose 
appi caches 20 mg pci kilo, there is a distinct decrease m both the daily 
amount of mine and the latio of the urine to the water consumed In 
exceptional instances there may be a complete suppiession of urme for 
twenty-four houis oi longer On discontinuing the hematin, this phase 
of decreased output of urine gives place to inci eased uiinaiy secretion 
and to an inciease m the mme-watei latio, both of which exceed the 
normal within two to thiee da 3 'S This cfiange is more enduring — m 
one animal it persisted for twentj^-one days, when obsei rations were 
discontinued 

Coloi — The uime in hematin intoxication is highly colored, varying 
from a brownish-yellow to a dark i eddish-brown and occasionally shows 
a greenish fluorescence A smoky-ied mine is seen in some instances 

Acidity and Specific Giavity — The reaction and the specific gravity 
of the urine show no constant alteiations Both of these features vary 
widely in the rabbit under noimal circumstances, and the variations 
aftei injections of hematin aie therefore difScult to relate to any action 
of hematin 

Albumin and Casts — A tiace of albumin and a few hyalin or 
gianular casts may appear in the urine after even a single injection of 
10 mg of hematin per kilo of body weight The daily repetition of this 
dose of hematin seldom fails to produce an albuminuria with casts As 
much as 20 mg of hematin per kilo of body weight will pioduce a marked 
albuminuria with an abundance of hyalin, granulai and epithelial casts, 
or even blood casts Neither the amount of albumin nor the numbei oi 
variety of casts, however, can be predicted fiom the amount of hematin 

injected 

Blood and Hemoglobin — The most interesting phase of disturbed 
lenal function, referable to hematin poisoning, is the occurrence of 
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hematuiia and hemoglobinmia Severe intoxication with, liematin fie- 
qnently lesults in heniatniia of a vaiiable degiee The amonnt of blood 
may be so slight as not to be suspected fiom the appeal ance of the uiine, 
01 so gieat as to give the urine a distinct led oi smoky coloi The 
condition is occasionally jiroduced by a single large dose of hematin 
(20 to 25 mg pel kilo ) , it occurs with gieatei frequency fiom the 
maintenance of a given concentration of hematin in the ciiculation foi 
twelve to twenty-four hours This can be done best by injecting thiee 
01 foul doses of 10 to 15 mg of hematin pei kilo within such a period 
of time The test on the vitality of the animal is a severe one, and the 
size of the dose and fieqiieucy of repetition must be judged by the 
condition of the animal, even then many fatalities will lesult be foie 
the desned effect is pioduced 

Fiee hemoglobin in the uiiiie, not associated with hematuria, has 
been ob‘=erved in a veiy few instances Hemoglobin was demonstiated 
bv the guaiaeum test m voided mine and bladder mine in five animals 
out of fiftv examined In two of these cases the guaiaeum test was con- 
fiimed by the spectroscope Three other animals gave a positive guaiaeum 
test fiom voided mine which was not confirmed by bladdei urine Of 
these eiglit animals all except thiee showed, post mortem, either hemor- 
ihagic lesions of the kidneys, extensive hemoiihage into the peiitoneal 
catit}", 01 botli, which might have accounted foi the piesence of hemo- 
globin in the mine Of the three undoubted instances of puie hemo- 
globinuiia, one occmied in the course of a chionic intoxication, and the 
othei two fiom the icpeated injection of 20 to 25 mg of hematin twice 
daily, one animal developed hemoglobinuria aftei the fouith injection, 
and the othei aftei the seventh All effoits to devise a method of 
admimsteiing the liematin that would pioduee this condition in a gieatei 
peicentage of cases pioved futile Most of the attempts resulted in 
the pioduction of hematuria It is evident, theiefore, that there aie 
othei factors than the hemoglobinuiia that aie essential to the pioduction 
of a high concentiation of hematin in the ciiculation 

THE KimSTETS 

Mild hematin intoxication, whether acute oi chionic, produces no 
charaiteiistic lesions in the kidneys There is a slight increase in the 
size of the oigans and a slight brown pigmentation The epithelium of 
the com oluted tubules and of the ascending loops of Henle usually shows 
paienchvmatous degeneiation In the chionic cases a few hyalin casts 
in the tubules and foci of round-cell infiltiation m the boundar}’’ zone 
and ill the cortex also furnish evidence of mjuiy 

The injection of laige doses of hematin, howevei, may produce veij 
piofound and charactenstic lesions In the acute stages the kidneys 
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aie much eiilaiged and aie unifoimly d.aik-bioun oi puiplisli-ied in 
color, 01 aie diffuselj^ mottled uith 'small opaque ■yellow aieas of neciosi's 
and area's of liemorihage The kidneys afc moist, the coitex is thickened 
and the stiaight ve's‘'els and glomeiuli aic inteii'sely congested The 
boundaiy /one usually shows the most pionounced congestion and 
iiiegulai stieaks of hemoirhage may extend fiom this zone into both the 
cortex and medulla In raie instances, small infaicts aie piesent The 
most ehaiacteiistic alterations aie found in the glomeiuli The glomeruli 
are enlaiged and then vessels aie enoimoiisly dilated and congested In 
some instances, man^ of the glomeiulai capillaiie's aie occluded by h5alin 
masses that stain a biassy-ied uith eosin , such glomeiuli aie apt to show 
hemorrhage into the capsiilai space On the othei hand, the glomerular 
tuft may completel}^ obliteiate the capsulai space The glomeiular 
epithelium IS lery slightly swollen and a few de'^quamated cells aie 
piesent To a less degree, othei Aessels of the kidney aie dilated and 
congested, while many of the smallei lessels show hyalin thiombi oi 
emboli Gieenish -brown pigment is found, especially in the glomeiulai 
capillaiies, both as free gianules and masses and within phagoc3dic cells 
The uimiferous tubules, moic paiticulaily the convoluted tubules and 
the ascending loops of Henle, show maiked paienchymatoiis degeneiation 
with desquamation o£ the epithelial cells, oi eieii foci of neciosis In 
extreme instances almost the entiie coitical system may be neciotic 
Occasionally, the tubulai epithelium mil show gianules of greenish- 
biown pigment, much of which, as it reacts foi non only aftei oxidation 
with hydrogen peroxid^ and is soluble in dilute alkalies, must be legaided 
as hematin This pigmentation is more common in living than in 
neciotic cells An abundant albuminous piecipitate and many varieties 
of casts aie found m the tubules thioughout the kidney Hemorihage 
into the tubules is found m mau}'^ cases of extieme intoxication The 
hemorrhage is usually patchy in its distiibution — seldom diffuse — and 
occuis in the legion of those glomeruli that show hemoiihage or occlusion 
of then vessels In some of these cases, there is also a diffuse staining 
of the epithelium with liemoglobin and granules oi dioplets of hemo- 
globm aie found in the cells, in the lumen oi the tubules and in the 
capsular space The piesence of hemoglobin was observed in three 
instances in which theie was no hemorihage The presence of hemo- 
globin was verified by oxidation with hydrogen peioxid and obtaining an 
iron reaction, and by the presence of brownish, granular and crystalline 
deposits in the cells and lumen of the tubules in specimens fixed in a 
solution of formaldehyd immediately after the death of the animal 


3 Brown, Wade H Jour Exper Med , 1911, xiii, 477 
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The Intel stitial tissues aie nsnally ecleiiiatoiis and tlieie may be foci 
of lienioiihage Foci of neciosis aie usually siuioiinded and invaded by 
polyinoi phoniicleai leukocytes 

In hi’-o instances anemic infaicts weie obseived fiom occlusion of 
lelatively laige vessels by masses of hyalin mateiial 

In the eaily stages of lecoveiy fiom hematin intoxication and at the 
time the kidneys aie sliowing an meieased nimaiy secietion^ several 
impoitant changes fiom the above deseiiption are to be noted The 
glomerulai tnfts now deciease to noimal size oi aie shiimken, while the 
capsulai spaces and tnbnles aie dilated and contain desquamated 
epithelial cells and an abundant albmninons precipitate 

In chionic intoxications^ and as lecovei}’’ fiom acute intoxications 
pi ogi esses, the kidneys aie but slightly enlaiged, but still show a brown 
pigmentation The suifaee may piesent a few scatteied aieas of hemoi- 
ihage and neciosis, as in the acute stage, inteispeised with small 
depressed seais The glomeiuli aie iiiegular, some being enlaiged while 
otlieis aie much conti acted The tubulai epithelium shows vaiious 
degiees of degeneiation, witli a sliglit desquamation, oi even patches of 
neciosis Many tubules show legeneiating epithelium with numerous 
mitotie jiguies In these aieas of regeneiatmg tubulai epithelium theie 
IS usually a pionouiiced mteistitial infiltiation of plasma cells and an 
mciease in the comiectne tissue 

DISCUSSION 

Clinically and pathologically, slight degiees of hematin intoxication 
cause only such alteiations m uime and kidneys as aie commonly obseived 
in many fpbrile conditions In more seveie intoxications the iiiegulaiity 
and unceitamty of the effect on the kidneys is quite sti iking, some of 
these cases again show only the distuibances of a febiile state, wlide 
otheis piesent the clinical pietuie of an acute nephiitis and a veiy few a 
definite hemoglobmuiia Thioughout, the one constant featuie is the 
albuminuiia with easts and degeneiative lesions m the kidnevs — all 
piobably the lesiilt of a slight toxic 1113 uiy The wide lange of laiiety 
in 111 me and kidney lesions that may be supei imposed on this common 
basis uiidei constant expeiimental conditions suggests stiongly the 
element of chance m the effect of hematin on the kidneys This chance 
factoi IS opeiative thiough the blood-vessels It has been demonstiated 
by physiological methods that hematin pioduces a maiked dilatation of 
the 'splanchnic vessels^ and causes iii]uiv to the vessel Avail Micio- 
scopically, the glonieiular vessels in paiticulai show these changes and 
111 addition, obstiuetion to ciiculation m many aieas by hvalm thiombi 01 

5 Blown, Wade H, and Loienliait, A S Join Evpei Med 1913 'vini 
(In pi ess ) 
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Although the fiist use of pituitaiy ui ohstetiical piactice was made 
in England, hut feu papeis dealing uilh its action ha\e been published 
in English, uhile in Euiope it has been so e\tensnel> used that a study 
of the laige nuinhei of papeis and cases nou published enables one to 
foiinulate, with oonsidciahle piecision, lules foi its employment This is 
especially tine aftei one has gnen it, uith success and failuie, in one’s 
own expel lence This forms the lustification foi this papei 

In 1895, Oliiei and Schaefei in then senes of expeiiments uitli 
oigan extiacts, lollowed up then papeis on the stiiking effects iiroduced 
by the injection of extiacts of the adienal hv shouing that extiacts of 
the pituitaiy also pioduced a use in hlood-piessuie In 1898, Houell 
showed that it was the posteiioi lobe ulncli possessed this piopeity 
This was confiimed by Schaefei and Vincent, and in 1901 Schaefei and 
Magnus showed that the extiaet of the infundibulai poition inci eased 
very maikedly the flow of uiine At this point the mattei lested until 
1906, when Dale, in the couise of some observations on the action of 
eigot, noted that the extiact of pituitaiy bi ought about a marked uteiine 
contraction This observation, hoAvcvei, uas entireh'^ lost sight of until 
Blan Bell and Hicks, led by some exjieiiments which thej'^ had on hand, 
obtained fiom Dale some pituitaij^ extiact and produced with it maiked 
contractions of the uterus in pregnant labbits 

In consequence of the lesults obtained, Blan Bell was led to use it in 
some obstetiical cases He jnesented his obseivations before the Lnei- 
pool Medical Institution, Xovembei, 1909, and his papei ivas published 
in December In it he lefeis to its use in two cases of post-paitum 
hemoirhage and one case in whicli it ivas used in the expulsive stage of 
laboi In Septembei, 1910, Aaions of Edinbuigh lead a papei at the 
International Congiess in St Peteisbuig, in which he lepoited success 
in its use in six cases of post-paitum hemorihage 

On June 25 1909, Fiankl-Hochwait and Fiohlich of Vienna lepoited 
on some expeiimerts which they had made with pituitary extiact They 
uere led to join forces m the study of the action of pituitaij’- on the 
legetative neiious system, as both of them had pieiious expeiience with 

*Fiom the Phaimacological Laboiatoiy of the Univeisity of Toionto 
Suhinitted foi publication Jiilv 2 1013 



r C HAh'RIsOX 



the pituitaiy glaiul iiiidei pathological coiuiitioiis. and fiom A\hal w.i'^ 
known of the phaimacological action of ihe extiaet ihet woie led to 
inter that it would piodiice nteiine contiacnons In this lespeei thou 
hopes w'eie answeicd and thei found that piegnani lablnis showed a 
Terr inaiked mciease in nieiine inoieinont afioi the adininisliation of 
pitiutan The effect on blood-pies^nic was bv no means maikod 
although it was foiinc> to be consideiable when injected into dogs Thev 
also obs^'ived as thet had expected, ten* inaikcd effects on the nrinarv 
bladdei and w'eie able to show that it not only stimulated but increased 
the iiiitabilitY of both the nenes to the bladdei and to the ntciiis 

In conclusion, they suggested that it should be used in obstetrics, and 
it was not long befoie the adiice was acted on In Janiiaij, 1010, Foges 
and Hofstattei tiied it in sonic cases to aiiest post-paitnm bleeding 
They showed that it had little effect on blood-piessure, but quite piomptly 
bi ought about uteime conti actions They had seieial failnies, thice at 
least in which no effect whateiei was piodiiced 

Eaily in 1911 Hofbauei published the fiist senes of cases in which 
it was used to mciease laboi pains In his twnhe cases the effects wcie 
ahvays exceedingly stiikmg, the moAcmeuts coming on oi mci easing in 
foice Avitlim a feiv minutes He saw^ m no case any indication of tetanus 
nten, but m seveial cases legulai stoims of contiactions, bunging on a 
veiy rapid deliveiy The publication of this exceedingly optimistic papei 
has led to pituitary being veiy widely used, and at least seA’-enty-five 
papeis dealing Avitli the use of pituitaiy in laboi have been publishefl 
All examination of the liteiatuie has disclosed a total of at least 1,650 
cases in Arhicli it has been adinmisteied A complete list of icfeiences 
is appended The author has avoided, as fai as possible, counting anv 
case twnce The latest papei and the highest nunibei of cases by any 
author being taken to include those preAuously leported 

My attention Avas atti acted to the advantages of pituitaiy cxtiacl m 
obstetiics fiom the lesults seen in animal experiiiicntation in llie 
phaimacological laboi atoiy In the couise of leseaichcs ivliich liave lieen 
in piogiess in this laboiatoij, and for demonstiations for student elnsses, 
pituitary has been used a consideiable number of times <o inciciise iiIim’iik' 


nioA^ements The accompanying cm A^e (Fig 1) is showm ns very lypteal. 
As may be seen from this tiacing, the utcimo movemenlH Imvi' been very 
markedly increased in both rate and amplitude, Avhdc ihe lone, lui pidy.ed 
by the elevation of the line joining the bases of (he waves, lias no! Ix'en 
raised, save at first Aidiere an iiiegidar teianns may be (teen, hi none 
of the cases in AA’’hich it Avas employed has a I rue lelaniiti tileri, i. e., a viu’y 
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two cases lepoited by Halil, there was some rise in tone, the movements 
being shorter and stronger, at shorter intervals and with increased mtra- 
nterine pressure, and Malinowsky shows a good tracing of a uterine 
tetanus In other eases no increase in tone occuired, but only of move- 
ments Such tetani are, however, not uncommon with ergot prepara- 
tions, but apparently much less so with pituitary Cases have, however, 
occurred. In one of the cases published by Rieck a tetanus evidently 
occurred, and is very well described by him When it took place after 
the second injection, which was given six hours after the first injection, 
the patient stated that she felt the individual pains, but the examinmg 
hand could detect no contractions or relaxations 

Lieven also reports a case in which the uterine tetanus was so marked 
that the child’s heart-rate fell steadily to 82 , and there was a marked 
passage of meconium Spaeth reports a similar case He was, however, 
so unfortunate as to see the child die Seitz and Eoemer have each stated 
that they have also seen tetanus occur Hamm, too, in one case which 
was brought to him after the child was dead and the patient had been in 
labor for a considerable period of time, mjected pituitary, and regular 
movements set m These, however, died away, and a second injection 
was given, which was followed m seven minutes by a tetanic constriction 
which lasted eight minutes, then regular movements for one or two 
hours, which gradually died away A third injection produced another 
tetanus of eleven minutes’ duration, then regular movements, and the 
fourth, tetanus of seventeen minutes, followed by regular movements, 
which led to delivery He states that he has frequently seen the fetal 
heart-rate fall to 80 , but in view of the rapidity of delivery in most cases, 
does not consider this dangerous The above incident shows quite clearly, 
however, that the use of pituitary is not without some danger to the child, 
though danger to the mother seems very slight In consequence, the 
fetal heart sounds should be, if it is at all possible, kept constantly under 
observation This danger seems undoubtedly greatest when the drug is 
administered during the first stage 

A study of the literature has disclosed that the majority of observers, 
and especially those with the larger series of cases, have found that for 
the production of abortion, pituitary alone is insufficient We might 
quote m this connection Schiffmann, who, out of seven cases, had three 
complete failures Hell, Tischer, Nagy, Hirsch, Voigt, Merkel, Sellheim 
and Trapl have all pronounced against its use for this purpose 

Nor has it been of any great service in initiating premature labor 
Trapl, Schiffmann, Fischer, Nagy, Hirsch, Voigt, Foges and Hofstatter, 
Merkel and Sellheim may be quoted in support of this statement. Never- 
theless, successful cases have been observed m which one or two injections 
sufficed , and in the production of both abortion and premature labor, it 
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has proved in almost all cases a useful aid to other methods, such as 
dilatation by mechanical means 

Practically all obseivers are unanimous in declaring that it is of the 
greatest value in overcoming uteiine weakness supervening after dilata- 
tion of the soft paits, and duiing the expuisne stage of labor The effect, 
as a rule, is very piompt The pains set in with great vigor in fifteen to 
twenty minutes or less, and aie strong, lapidly leading to deliveiy, some- 
times in a few minutes, and fiequently within the hour As mentioned 
above, pituitary has been used in at least 1,650 cases, but it is difficult to 
estimate in how many of these cases it was given during this phase of 
labor Not more than a dozen failuies during this stage are recorded 
The total number of complete failures lepoited is less than fift}^ and 
these failures aie largely amongst those cases in which it was used foi, 
production of abortion oi premature labor, ivithout othei means being 
employed, or post paitum Several obser\ers have found that it produces 
movements that aie so rhjdhmical and stiong as to be of the greatest 
value in converting abnormal into noimal positions Theie is, of course, 
no general agreement as to what constitutes failure , and as details in all 
the longer series of cases are not given, it is impossible to express the 
results recorded in the literature m a more exact fashion Hofbauer, in 
his last forty cases, repoits no failures, Calm, out of eighty-seven cases, 
three, Aubert, 15 pei cent of failures, Poges and Hofstatter, out of 
sixty-three cases, three failures These figures seem very typical, but it 
must be noted that other observers, with as laige a senes or larger, say 
nothing of failure 

Its action in these cases is well illustrated by the following cases, 
selected from amongst those seen by me 

Case 1 — ^Pnmipara, 23 years of age Labor pains began about Sam 
When examined at 9 a m the cervix was soft and easily dilatable, but the 
pains were feeble, and during the course of the pain there did not appear to be 
any advance of the head, which was in the first position The patient was seen 
several times through the day, and the soft parts, including the vagina and 
perineum, became gradually softened, but still the pains were very feeble, did 
not advance the head and caused the patient no distress whatever At 4 30 P m 
1 c c of infundibular extract, prepared by Messrs Burroughs, Welcome & Co , was 
injected Strong expulsive pains hegain in five minutes The contractions were 
regular and continuous The head descended quickly and the child was born 
at 4 45 p m The uterus was well contracted Tlie placenta sepaiated and was 
expelled in five minutes Without pituitary, one would undoubtedly have used 
forceps in this case, as the patient was becoming rather tired, and would appar- 
ently have gone on for hours without delivering herself 

Case 2 — ^Ill-para, 25 years of age This was the third pregnancy in three 
years, and she had not been feeling very strong during the latter weeks Labor 
began at 9 p m The pains were only slight all night, but suflBcient to dilate all 
the soft parts They occurred every five minutes, but seemed to have no expulsive 
power The patient did not appear to help heiself very much, "nd as she was 
becoming tired, one had to consider interference It was decided to try pituitary 
before forceps One c c of the infundibular was injected at 7 20 a m In five 
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minutes strong ihytlimical contractions occurred, which caused a lapid expulsion 
of the child in less than ten minutes The placenta was expelled in five minutes 

Pfeifer, Sterne, Zinsser, Jaeger, Mory and Hamm have seen failure 
to produce deliver^’, owing to failure of the soft part to dilate Hamm, 
indeed, saw physiological stricture develop in four cases where it was used 
to pioduce premature laboi 

In the two cases of failuie seen by me, the difficulty appeared to be 
that the soft parts did not become dilatable No ill effects were produced, 
but forceps had to be applied 

Case 3 — Primipaia, 23 years of age Labor began at 9 a m There were 
feeble pains all day, which became more severe at 10 p m The head was in the 
first position Dilatation was progressive and the head descended Then the pains 
became feeble, and had little expelling power One cc of infundibular extiact 
(B , W & Co ) was injected Stronger pains came on within twenty minutes, but 
the perineum did not relax, nor did the patient seem to help heroelf Finally the 
forceps were applied and deliveiy effected The uterus was well contracted, and 
the placenta was expelled within ten minutes 

Case 4 — Pnmipara, 28 years of age Theie were feeble pains throughout the 
day, which became more regular about 11 p m When seen at 2 30 a m the 
pains were occurring at about five-minute intervals The patient was very 
nervous and did not help herself very much Ihe cervix was well dilated, and 
the pains were not very strong One c c of infundibular extract was injected 
In about twenty minutes the pains, as judged by the patient’s sensations, became 
more severe, but the conti actions weie not appreciably quickened, nor did they 
advance the head, which was in the first position and fairly low down, although 
not bulging the perineum After waiting some time, and as the patient was 
becoming tired, forceps weie applied and delivery effected at 6 a m The uterus 
contracted veil, and the placenta was expressed in ten minutes 

In this case the injection of pituitary extract did not seem to increase at all 
the expulsive power of the uterus, but there appeared to be a distinct lack of 
voluntary efforts on the part of the patient 

Several obseiveis warn then colleagues not to employ pituitary aftei 
delivery of the child and before that of the placenta Eieck reports a 
case of retention of the placenta Hirsch, Voigt, Foges and Hofstatter, 
Eieck, Merkel, Seitz, Kroemer, have all found it not so valuable post 
partum, and seveial of these express a preference for ergot In view of 
the greater frequency with which the latter in laboratory experience 
produces tetanus uteri, this is easily understood Sellheim reports that 
out of twelve cases in which he used it, eleven were failures 

Several observei s state that they have found it of no value in uterine 
atony ^ e g, Anderes, and this condition probably explains the cases of 
complete failure to reawaken pains when they have prematurely ceased, 
such as reported by Zinsser (five out of sixty-five cases), Hamm (one 
case m forty) 

In addition to the action of pituitary on the uterus, its action in 
increasing the movements of the urinary bladder are important Jaschke 
and Franz have employed it as a postoperative tome for this purpose. 
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and seveial of those who have used it in obstetiics have noted that the 
hladdei was well emptied without the use of a catheter 

That in pituitary we have a drug which will inciease the flow of milk, 
was shoivn by Mackenzie and confirmed by Ott and Scott, and may be 
illustrated by the curve produced in Tiguie 2 In this experiment the 
method employed was that of Mackenzie A lactating cat was anes- 
thetized, the skin removed from over two mammae, their nipples cut off» 
and the gland deeply incised An injection of pituitary produced the 
prompt response shoivn in the tracing In all, some 5 c c of milk were 
secreted After an interval of thirt}^ minutes a fuither injection pro- 
duced an increased flow The effect of an intravenous mjection is evi- 
dently very marked, but brief Whether single or even daily injections 
will lead to a permanent increase in milk production is not decided The 
cases advanced in support of this view by Eejmolds are not sufficiently 
numerous, noi were the observations lecoided with sufficient care to be 
convincmg 

CONCLUSIONS 

1 Pituitary is of great value in cases of weakness in uterine move- 
ments after the soft parts are well dilated Failure in these cases is rare, 
probably less than 1 per cent The later in labor, but before delivery, the 
more strikmg the effect The danger to the child and mother is very 
shght 

2 As an addition to some mechanical method, e g , the Champetier 
de Ribes’ bag, it is of great value in bringing on premature labor or 
abortion In the former case it may be sufficient in itself, but there is 
some risk of tetanus of the cervix, or of the uterus, especially when 
repeated injections are required 

3 For delivery of the placenta its use is accompanied by the danger 
of tetanus uteri and retention 

4 In post-partum hemorrhage a considerable percentage of failures 
may be expected 

When a need for a uterine stimulant arises in cases conforming to the 
above indications, I believe that pituitary is of the greatest value, and 
will act as in Cases 1 and 2, which are typical of others m my experience 

I desire to express thanks to Dr V E Henderson for the use of his labo- 
ratory, and invaluable assistance and criticism m preparing this paper 
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THE TEBATMENT OF SYPHILITIC AFPBCTIOHS OF THE 
CEHTEAL HEEVOHS SYSTEM WITH ESPECIAL 
EEFBEENCB TO THE USB OF IHTEA- 
SPHsTOUS INJECTIONS-" 

HOMER E SWIFT MD, and ARTHUR W M ELLIS, MB 

NEW YOBK 

Syphilis of the central nervous system is a manifestation of an infec- 
tious disease caused by a known parasite, against which we have at least 
two specific therapeutic agents It is, therefore, amenable to treatment 
The problems to he solved are (1) How to recognize the condition before 
irreparable damage has been done to important structures, (2) the 
determination of the most efficient methods of application of our curative 
agents The first can he solved only by caieful clinical study and routine 
exammation of the cerebrospinal fluid of all suspected patients It is 
the purpose of this communication to present the results of an attempt to 
solve the second problem, viz , the determination of the best method of 
application of the curative agents 

The demonstration of the Treponema palhdum m general paralysis 
has definitely established the fact that in the so-called parasyphilitic 
nervous diseases there is active S 3 qihilis of the central nervous system 
The cerebrospinal fluid m paresis and tabes shows qualitatively the same 
alterations as does the fluid in cerebrospinal syphilis The usual changes 
occurring m the cerebrospinal fluid in these conditions are pleocytosis, 
with a predominance of mononuclear forms, and an increase m globulin 
These abnormalities mdicate the presence of a chronic inflammatory 
process in the cerebrospinal axis A positive Wassermann reaction in the 
fluid mdicates that the inflammation is syphilitic m nature These 
abnormal constituents usually disappear more rapidly under specific 
treatment in involvement of the nervous system occurring early, than 
they do in such lesions occurring late in syphilis or in tabes or general 
paral^'^sis, especially the latter In late S 3 q)hilis the spirochetes have 
established themselves in strongholds difficult to reach with our drugs 
Such stiongholds are the legions of poor vascularization, and in these the 


* From the Hospital of the Rockefeller Institute for Medical Research 
■* Read before the Association of American Physicians May 7, 1913 
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cential nervous system is particulaily rich. The Ti eponema pallidim has 
a piedilection foi lymph spaces Por piactical pin poses the perivascular 
lymphatics and the peiineuronal spaces may be considered as lymph 
spaces 'which are not in djiect communication with the general Ijmphatic 
system, but which aie pait of the subaiachnoid space Through them 
flows the ceiebrospinal fluid It has been well established that there is 
very little excretion of curative agents fiom the blood into the ceiebio- 
spinal fluid Ple'vnei and his co-workers have shown the necessity of 
directly introducing the theiapeutic sera into the subarachnoid space in 
the various forms of puiulent meningitis The same piinciple no doubt 
holds tiue, to a considerable degree, in all forms of meningitis 

In dealing with syphilis of the central neivous system, we are, how- 
ever, more fortunate than is the case m purulent meningitis Por here 
the introduction of our therapeutic agents into the general cirulation is 
of undoubted benefit With mercur}^ and lodids and ivith salvarsan 
intravenously much can be done, and in many patients all clinical signs 
and symptoms can be relieved Efficient therapy, however, means more 
than the relief of symptoms, it involves also the eradication of all 
evidence of disease This is more diflScult The changes occurring in 
the cerebrospinal fluid — pleocjdosis, mcreased globulin and positive 
Wassermann reaction — must, as has been stated, be looked on as evidence 
of active syphilis of the central nervous system Ho treatment can be 
considered adequate which does not result m the permanent disappear- 
ance of these abnormalities 

While rapid s3miptomatic improvement frequently follows the use 
of mercury and lodids, the relatively slight influence of these drugs on 
the abnormal constituents in the spinal fluid suggests at once the prob- 
ability of subsequent relapse In tabes the use of mercury seems fre- 
quently actually to increase the intensity of the symptoms Salvaisan 
intravenously acts more rapidly than mercury, especially in reducing the 
degree of pleocytosis To produce a disappearance of the increased 
globulin and to change the Wassermann reaction from positive to nega- 
tive IS, however, much more difiScult 

The idea of mtensifying the treatment of syphilis of the central nerv- 
ous system by the mtroduction of salvarsan directly into the cerebro- 
spinal fluid naturally suggests itself To determine whether this might 
be safely done, we injected high dilutions of the drug in monkey-serum 
intraspinously into monkeys Subsequent examination of the cerebro- 
spinal fluid showed that the drug introduced in this form was too irri- 
tating to warrant its application to patients Heosalvarsan injected intra- 
spinously into monkeys was less irritating, but when injected into patients 
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produced symptoms too scveie to waiiant its continued use ^ Serum, 
on the other hand, can he repeatedly mjected into the subarachnoid space 
•without demonstrable in 3 ury to the nervous tissue 

The blood-seium of patients treated intravenously with salvarsan has 
been sho-wn to have definite therapeutic value when injected subcu- 
taneously into patients with congenital and secondary syphilis ^ We have 
been able to show that this serum also exerts a spirocheticidal action on 
the spirochetes of relapsing fever “ When the serum is allowed to act on the 
spirochetes m vitro and subsequently these are injected into mice, they 
do not develop in the mice as do untreated spirochetes oi spirochetes on 
which normal serum has been allowed to act Heating the serum to 56 C 
increases the spirocheticidal action We have also used the serum of 
syphilitic patients to make serum agar for the growth of Treponema pal- 
lidum after Noguchfis method Cultures in media made with serum 
obtained befoie treatment grew practically as well as in that made with 
normal serum, while in media made with serum obtained an hour after 
intravenous injections of salvarsan the spirochetes grew more slowly oi 
not at all In media made with serum which was obtained at longer 
intervals after treatment, the growth approximated that in normal con- 
trol tubes These experiments indicate that the serum has the greatest 
inhibitory effect shortly after the injection of salvarsan 

All the above-mentioned experiments support the view that the 
serum of salvarsan- treated patients has a definite antispirochetal efiect. 
both m viti 0 and m vivo Such serums are ideal preparations for direct 

1 Wechselmann (Deutsch med Wclmschr , 1912, xxxvni, 1446) , reports that 
he had injected neosalvarsan. intraspmo'usly into two patients with general paral- 
ysis, and into two children with congenital lues, without any injurious effects 
Marinesco (Ztschr f physik u diatet Therap 1913, x\ii, 194), reports the 
results in thirteen patients, each of whom received 5 mg neosalvarsan in 4 c c 
solution mtraspinously In ten of these severe unpleasant symptoms immediately 
appeared Eight of them had permanent bladder disturbance From this experi 
ence Marinesco advises stiongly against the intraspinous injection of neosalvaisan 
We are in complete accoid with his conclusions In the same communication 
Marinesco states that he had treated patients with syphilis of the cential nervous 
system with serum obtained from patients with secondary syphilis after treat- 
ment with salvarsan There were some beneficial results, but the work was not 
continued 

Robertson (Edinburgh Med Jour, 1913, x, 428), reports on the intraspinous 
treatment of patients with general paralysis For this treatment he used the 
seium of patients with secondaiy syphilis, which was withdrawn on the third 
day after a salvaisan injection, and also the paretics’ own serum withdraivn one 
hour after the intiavenous injection of salvaisan Only a few treatments were 
given to each patient, but half of those treated showed, some improvement 

2 Meirowslcy and Hartmann Med Khn , 1910, vi, 1572, Plant, H C 
Deutsch Med Wclmschr, 1910, xxvi, 2237, Gibbs and Calthrop British Med 
Jour , 1911, 1 , 809 

3 To be published Gondei, R (Ztschr f Immunitatsforsch Orig 1912 
XV, 257), lepoits on a similar spirocheticidal action of the blood of salvarsan- 
treated rats on the spirochetes of relapsing fever 
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introduction into the subarachnoid space, and for the past two years 
we have been studying the results of the in 3 ection of such serums intra- 
spinously into patients with syphilitic disease of the central nervous 
system 

TECHNIC OF SUBAUACHNOID INJECTIONS 

The technic that we have employed vanes but little from that pre- 
nously described/ and is as follows 

One hour after the intravenous injection of saliarsan 40 c c of blood is with- 
draivn directly into bottle shaped centrifuge tubes, and allowed to coagulate, 
after which it is centrifugalwed The following day 12 c c of serum is pipetted 
off and diluted with 18 c c of normal saline This 40 per cent serum' is then 
heated at 56 C for one-half liour After lumbar puncture the ceiebrospinal 
fluid IS withdrauTi until the pressure is reduced to 30 mm cerebrospinal fluid 
pressure The barrel of a 20 cc Lucr sjiinge (which has a capacity of about 
30 cc ), is connected to the needle by means of a rubber tube about 40 cm long 
The tubing is then allow cd to fill with cerebrospinal fluid so that no air will be 
injected The seium is then poured into the syringe and allowed to flow' slowlj 
into the subaiachnoid space bj’ means of graMty At times it is nccessarj' to 
insert the plunger of the syringe to inject the last 5 c c of fluid It is impor- 
tant that the larger pait of the serum should be injected by gravity and if the 
rubber tubing is not more tban 40 cm long the pressiiie cannot bo higher than 
400 mm Usually the serum flows in easily under even a lower pressure By 
the gravity method the danger of suddenly increasing the intraspinous piessure 
to the danger point, such as might occiii wnth rapid injection with a syringe, 
IS avoided Fiequently there is a certain amount of pain in the legs, commenc 
mg a few houis after the injection The pain is more often noticed in tabetics 
than in patients wutli cerebrospinal syphilis It can usually be controlled by 
means of phenacetin and codein Occasionally morpliin is required 

The therapeutic effect of this form of tieatment is illustrated m the 
tables, where the treatment, Wasseimann reaction in the blood and in the 
cerebrospinal fluid, the cell count and globulin in the fluid of each 
patient aie giyen In some of the tables, the Wassermann reaction m 
the cerebrospinal fluid is indicated with two different antigens Piior 
to January, 1913, fetal liver extract was used as antigen It was then 
found that an alcoholic extract of human heart, to which 0 4 pei cent 
cholesterin had been added, was a much more sensitive reagent® In 
order not to confuse the results it was considered wise to continue the use 
of the liver antigen in those cases m which it had previously been used, 
and to add the comparative reactions with the cholesterm-heart antigen 
Unless otherwise designated in the notes after Januai}’-, 1913, a com- 
pletely negative reaction indicates that it was negative with the 
cholesterm-heart as wmll as with the liver antigen In the cerebrospinal 
fluid column, the amount of fluid which gave complete fixation is indi- 

4 Swift, H F , and Ellis, A W M New York Med Jour , 1912, xcvi, 53 

5 111 patients who do not have reactions following the injection of 40 per 
cent serum the strength is at times incieased to 50 or 60 pei cent , oi even 
stionger 

6 Walker, I C , and Swift H F Jour Evper Med , 1913, xvni, 75 
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cated"^ The quantitative titration of the strength of reaction has been 
used since fTovemher, 1911 Previous to that time^ only 0 1 c c of fluid 
was used The titration of the strength of the reaction furnishes a fair 
index of the effect of treatment In this report we wish to lay more 
emphasis on the improvement m the condition of the cerebrospmal fluid 
than on the clinical improvement, because it is entirely objective and 
probably gives us a better idea of the actual effect of our therapeutic 
measures 


TABLE 1 — 85 C L V Age 35 Tabes Dobsaeis Six Years Syphilis 

Sixteen Years Kesult Improved 


Date, 1910 

J 

1 

Blood 

Wasser- 

man 

Reaction 

Cerebrospinal 

hluid 

Treatment 

Cells 
per 
c mm 

Noguchi 

Globu- 

lin 

Wassermann 
Reaction, 
c c 

Spinal Fluid 

Intra- 

venous 

Salvarsan, 

gm 

Intraspinous 

Serum 

Nov 10 to 

* + + 

1 

i 

1 

1 


f ' 


1911 




1 

1 


Jan 10 

+ 






Jan 16 

— H 

125 

++ 


02 


Jan 25 

+ 




03 


Feb 8 

+ 




0 36 


Feb 13 ! 

1 

150 

±: 




Feb 15 to 


i 



7 ' 


Aug 20 





J. ! 

I 


Aug 21 

~f- 

63 

+ 

0 1±’ 

T 


Aug 26 to 1 







Sept 22 

± ’ 




§0 2 


Sept 22 


20 

±: 

01 — 



Nov 24 1 





02 


Dec 1* 

± ’ j 

50 

+ 

05 ±; ] 

02 

18 c c of 50% 

Dec 11 


20 

+ 

1 

02 

1 30 c c of 50% 

Dec 18 

:±: 

20 

— 

0 5 ± j 

02 

20 c c of 40% 

1912 1 




i 

1 


Jan 5 

— 

12 


0 5 -p±; 

03 

30 cc of 40% 

Jan 12 

— 

4 



05 ± 

03 

30 c c of 50% 

Jan 15 

— 




02 


Jan 20 


5 

— 

05 



July 9 

— 

2 

— 

05 — 



Sept 10 

— 

, 1 

1 

05 — 



1913 



1 




May 15 

— — 

3 j 

1 “ 

05 — j 

1 

1 


* Where both intravenous and intraspinous treatment were used the date of 
the intravenous injection is indicated The intraspinous injection was given on 
the following day 

t hlixed treatment by mouth 
t Sixteen injections HgCL intramuscularly 
§ Five injections given 

7 In performing the reaction with the cerebrospinal fluid 05 cc, 04 cc, 
03cc,02cc 01 cc and 0 05 c c fluid are used As we employ one-half quan- 
tities of all the reagents as compared with the amounts originally recommended 
for the Wassermann reaction, these quantities therefore correspond to 10 c c 
08cc,06cc 04cc 02cc and 0 1 c c respectively 
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CASE EEPORTS 

Case 85 — C L V, a %\cll marked tabetic, wbo bad liad symptoms for about 
si\ 3 ears, lately becoming moie marked He had lightning pains, difficulty in 
walking, girdle sensation about the abdomen, and Charcot joint in the right 
hip He had received practically no antisjphilitic treatment piior to November, 
1910 In the first year of treatment he iceoived sixteen intramuscular injec 
tions of mercuiic chloiid, nine intra\enous injections of salvarsan, a total of 
2 gra , and six months’ mived treatment bj' mouth The result of this vas to 
reduce the pleocytosis from 125 to 50 per cm The effect on the Wassermann reac- 
tion in the cerebrospinal fluid was not determined because an insufficient quantity 
of fluid was employed Aftei the institution of intraspinous treatment with 
his o^\n serum the fluid became normal in siv veeks During this peiiod a total 
of 1 4 gm salvarsan was given in six lntla^enous injections and five intra-spinous 
injections, a total of GO c c of undiluted serum “ For over a year the fluid has 


TABLE 2 — No 213 0 W A Age 29 Tabes Dorsalis Tavo and One-Half 

Years Syphilis Nine Years Resdlt IirPROA-ED 


Date, 1911 

Blood 

ass 

Reaction 

Cerebrospinal Fluid 

Treatment 

Cells 
per 
c mm 

Noguchi 

Globulin 

IVassei 

Reac 

Lner 
Antigen, 
Spinal i 
Fluid 
cc 

mann 

ition 

Choles- 
torin 
Heart 
Antigen, 
Spinal 
Fluid, c c 

Intra- 
\ enous 
Salvar- 
san, gm 

Intraspinous 
Sei um 

June 23 to 

-\ — h 


1 





Aug 2 

++ 





5x02 ] 


Aug 5 

1 

110 

— 

0 1 dt 1 




Aug 10 to 

H — h 







Oct 20 

1 + 





4 X 0 2 1 


Oct 27 

+ 

75 

— 

0 1 -1 — }- 


02 

26 c c of 40% 

Nov 3 






02 


Nov 21 

H — h 



0 1-f+ 

• 

02 

20 c c of 50% 

Dec 12 

++ 

20 

— H 

01+-f 


02 

30 c c of 70% 

Dec 19 

+ + 

19 

— 

0 2+-f 


02 

25 c c of 40% 

1912 








Tan 5 

+ 

22 

— 

0 1 +-f- 


03 

30 c c of 50% 

Jan 12 

+ 

8 

— 

0 3++ 


03 

30 c c of 50% 

Jan 19 

+ 

10 

— 

0 3 -{--i' 


03 

30 ec of 50% 

Jan 25 

+± 

8 

1 

0 2-}-+ 


03 

30 c c of 50% 

Feb 1 


5 

— 


1 

0 3 

25 c c of 40% 

Feb 8 

++ 

7 

— 

0 2++ 


03 

30 c c of 50% 

April 1 1 

+ 

2 

— 

0 3 -} — }- 


03 

30 c c of 40% 

April 18 

■+* 

1 




0 3 


Apiil 25 

++ 

10 

— 

0 3++ 


03 

30 c c of 40% 

May 2 

++ 

8 

— 

0 3++ 


0 3 

30 c c of 40% 

May 16 

+ 

10 

— 

0 3 -} — k 


03 

30 c c of 40% 

1913 

Feb 22 

++ 

1 

1 

— 

04++ 

0 3++ 

! 

1 ^0 75 

30 c c of 40% 


* Neosalvarsan 


6 In the tables the amount of diluted serum w'hich was injected at each 
treatment is shown, while in the abstracts in the text the total amount of 
undiluted serum is given 
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remained normal and the patient has been practically free from pain The 
Charcot ]Oint has prohibited his return to his usual work, although he goes 
about very well There has been no advance in his tabes 

Case 213 — 0 W A had a rapidly progressing tabes of two and a half 
years’ duration The most marked symptoms were ataxia, pain and hyper- 
esthesia in the lumbar region In the first four months of treatment a total 
of 1 8 gm of salvarsan was given in nine intravenous injections, which produced 
a drop in cells from 125 to 75, but had no effect on the Wasserman reaction in 
the cerebrospinal fluid On the institution of intraspinous injection of patient’s 
own serum there was an immediate drop in the number of cells In the next 
seven months he received 4 3 gm salvarsan in sixteen intravenous injections and 
fourteen intraspinous injections, a total of 184 c c undiluted serum Under 
this treatment the cells were reduced to practically normal in number, and the 
Wassermann reaction in the cerebrospinal fluid was much reduced in strength 
Because the patient felt so much better he neglected to report for nine months, 
during which time the fluid remained practically the same 

A marked beneficial effect was noted in both these patients when 
the intraspmous tieatment was instituted, but the ob3ection might be 
advanced that the improvement was due to the continuation of the sal- 
varsan intravenously To determine the effect of the intraspmous treat- 
ment alone, several patients were treated mtraspmously with the serum 
from other patients who had received mtravenous in]ections of salvarsan 


TABLE 3 — No 557 C H L Tabes Dobsalis Ten Yeaes Syphilis Thirty 

Years Result Improved 


Date, 1911 

Blood 

Wass 

Reaction 

Cerebrospinal Fluid 

Treatment 

Cells 
per 
c mm 

Noguchi 

Globulin 

Wassermann 
Reaction, 
c c 

Spinal Fluid 

Intra- 
venous 
Salvar- 
san, gm 

Intraspinous 

Other 

Patients’ 

Serum 

Oct 25 


42 


0 1+ + 



Oct 30 


41 

+ -h 

0 1+ + 


25 c c of 40% 

Nov 6 


40 

+-h 

0 1-f-{- 


20 c c of 40% 

Nov 18 


50 


0 2-f4- 


22 c c of 40% 

Dec 3 

— 

18 


0 2-f-f- 


26 c c of 50% 

Dec 12 


17 

+-f 

0 1 -f-f- 


30 c c of 50% 

Dec 28 


15 

+-h 

04 -f-l- 


25 cc of 40% 

1912 







Jan 6 


15 

+ 

Ol-f-h 


25 c c of 40% 

Jan 12 


10 

++ 

024 - 1 - 


30 c c of 50% 

Jan 23 


14 

+-h 

05 ±’ 


26 c c of 50% 

Jan 31 


16 

+ 

05 ± 


30 c c of 50% 

Feb 7 


17 


0 5 -}-±: 


30 c c of 50% 

March 4 

— 

15 

-1- 

0 5 -l-± 



April 10 


10 


05± 



April 16 to 








May 14 

— 




*0 3 


May 14 


19 

-f- 

05 ± 



Sept 24 

— 

8 


05 — 



1913 







klarch 28 

— 

5 

" ' 

05 — 




* Five injections given 
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Case 557 — C H L, a man 50 years of age, ^vlth fairlj well marked tabes 
dating back ten years since the onset He had had marked gastric disturbances 
for the past three years, so that he had lost much n eight and had been incapaci- 
tated for several months In three and one-half months he received eleven intra- 
spinous injections, a total of 130 c c undiluted serum, which was obtained from 
other patients Ihis treatment resulted in the reduction of all the abnormal 
constituents in the fluid nearly to noimal Then 1 5 gm salvarsan in five intra- 
venous injections ^^as given \Mth piactically no effect on the fluid The patient 
was so much improved that he returned to work and received no further treat- 
ment At the time of the last e\aniinntion of the fluid, nearlj’ one \ear after 
treatment was discontinued, his spinal fluid was entirely normal The tabetic 
process has shown practically no ad\ance since the treatment was started 


TABLE 4 — No G75 II G G Age 42 Tabes Dorsalis Two aa'd One-Half 
Years Syphilis Denied Result lMPRO\rD 



Blood 

Coiebrospinal Fluid 

Treatment 

Date, 1912 

Wasscrmann 

Reaction 

Cells 

Noguchi 

Globulin 

Wass 
Reaction 
c c Spinal 
Fluid 

Intraspinous 

Other 

Patients’ 

Serum 

March 18 


35 

— 

0 3++ 1 


]\Iay 2 

May 5 


41 

+ 

1 

0 3++ ! 

30 c c of 40% 

May 14 


24 

- 4 - 1 

0 4+-}- 

I 30 c c of 40% 

May 21 


17 


04++ 

30 cc of 40% 

June 10 1 

June 20 


14 

i 

0 5 ++ 

30 c c of 40% 

June 27 1 


33 

± 

05 ++ 

30 c c of 40% 

July 9 


12 

- 4 - 

0 5++ 

30 cc of 40% 

July 21 


35 

+ 

0 5 ++ 

30 c c of 40% 

July 30 

Sent 19 

— - 

14 


05 ± 

30 cc of 40% 

Oct 1 


8 

— 


30 c c of 40% 

Oct 19 ! 


7 

— 


30 c c of 40% 

1913 

Jan 5 

— 

5 

— 

05 — 



Died of lobar pneumonia January 5 Autopsy showed typical tabes 


Case 675 — H G G, a man 42 yeais of age, who had well marked tabes of 
two and one-half years’ duration He had never received any antisyphilitic tieat- 
ment previous to his admission In five and one half months he w'as given ten 
intraspinous injections, a total of 120 cc of undiluted serum After eight 
treatments the cerebrospinal fluid w'as noimal About three months after his 
last treatment he died of lobar pneumonia Ihe cerebrospinal fluid taken imme- 
diately after death was normal Autopsy revealed changes in the cord typical 
of tabes dorsalis The symptomatic improvement, as well as the return to 
normal of the cerebrospinal fluid, weie most striking This patient received no 
intravenous treatment at anj’^ time 
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TABLE 5 — No 565 V H Age 42 Yeaes Tertiary Syphilitic Meningitis 
(Radichlitis) Syphilis Nine Years Ago 


Date, 1912 

Blood 

Wassermann 

Reaction 

Cerebrospinal Fluid 

Treatment 

Tntiaspiiious 

Other 

Patients’ 

Seium 

Cells 

Noguchi 

Globulin 

Wass 
Reaction 
c c of 

Spinal Fluid 

April 5 

+ ± 


+ + 

' 0 1++ 


April 10 



++ 

0 1 -j-± 

30 c c of 40% 

April 19 



+ 

02-f + 

30 cc of 40% 

Apiil 28 


30 

+ 

I 0 2-f+ 

1 30cc of 40% 

May 7 


23 

+ 

0 2-f-f 

' 30 c c of 40% 

Sept 12" 1 


4 





* Report of findings on September 12 furnished by Neurological Institute 


Case 565 — V H, a man 42 years old, who had pains refeiable to dorsal 
root irritation foi three years One year before admission he had received two 
intravenous injections of salvarsan followed by a course of meicury inunctions 
and considerable potassium lodid by mouth Before this tieatment was started 
he had 94 cells per c mm in the cerebrospinal fluid Our first examination showed 
124 cells, a heavy globulin and a strongly positive Wassermann reaction He 
then had 48 c c of serum in foui intraspinous injections Foui months latei 
he was examined in anothei hospital and his spinal fluid repoited as noimal 
Unfortunately, the patient would not continue under observation The symptom- 
atic improvement was less marked than the improvement in the pathological 
cerebiospinal fluid 


TABLE 6 — No 485 C M Age 48 Tabes Dorsalis One anu One-Half 

Years Syphilis Nineteen Years 


Date, 1912 

Blood 

Wass 

Reaction 

Cerebrospinal Fluid 

Ti eatment 

Cells 
per 
c mm 

Noguchi 

Globu- 

lin 

Wassermann 
Reaction 
c c 

! Spinal Fluid 

Intra- 

venous 

Sa Ivarsan 
gm 

Intiaspinous 
Sei um 

Jan 26 

1 

130 

+ + 

0 5+-f 



Jan 30 


90 

+ + 

05 + 

1 02 

30 c c of 50% 

Feb 6 

— 

40 

+ + 

05± 



Feb 13 

1 — 

26 

+ + 

05 — 

0 3 

25 c c of 40% 

Feb 20 

, 

24 1 

+ + 

05 — 

03 

30 c c of 40% 

April 3 

1 

9 ' 

+ 

05 — 


20 c c of 40% 

April 17 

1 j 






May 6 

— 

6 

+ 

05 — 


30 c c of 40% 

June 20 

— 

8 

+ 

05 — 


30 cc of 40% 

July 18 

— 

4 

± 

05 — 


30 c c of 40% 

Aug 15 

— 

4 

± 

05 ±’ 


30 c c of 40% 

Sept 12 

— 

2 


05 ±:’ 


30 c c of 40% 

Oct 29 

— 






Ncv 19 

— 

4 

+ 

05 — 



Dec 17 

— 




^ 0 9 


1913 

1 






April 9 

i 

3 

+ 

0 5 — 

0 5 



* Neosalvar=an 
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These tliiee cases illustiate very well that definite and marked change 
in the condition of the ceiebrospinal fluid can be brought about by the 
intraspmous injection of serum alone, since none of these last three 
patients had had any other form af treatment As there is also a definite 
effect fiom intiavenous injection of salvaisan, it would seem that the 
combination of these two forms of treatment would produce a more rapid 
effect than either alone This is well illustiated by the next three cases 

Case 485 — C M , a wan aged 48 years, ith moderately advanced tabes of 
two years’ duration He had transient diplopia seven years ago In eight 
months patient was given 3 3 gm salvarsan in eleven intravenous injections, and 
nine intraspmous injections, a total of 109 cubic centimeters of his own serum 
After the fourth intraspinous treatment the fluid was practically normal except 
for a moderate increase in globulin nhich has persisted up to the present time 

TABLE 7 — No 893 F B Age 34 Tabes Dobsalis Two Yeabs Syphilis 
T niBTrEN Yeabs Result Iiipboved 


Date, 1912 

Blood 

Wass 

Reaction 

Cerebrospinal Fluid 

Treatment 



Wassermann 
Reaction, 
c c 

Spinal Fluid 

Intra- 
venous 
Neosahar- 
san, gm 

Intraspmous 

Serum 

Oct 18 ^ 

+ ' 

40 

±: 

06 + 

0 75 


Oct 28 

++ 




0 45 


Nov 2 


57 

+ 

0 5 +± 1 



Nov 4 

++ 

47 

4~ 

0 6++ 1 

09 1 

30 c c of 40% 

Nov 12 


13 

+ 

06 — 

09 

30 c c of 40% 

Nov 18 





09 1 


Nov 25 

++ 



06— ^ 

09 1 


Dec 2 

+4- 


+ 


09 

30 c c of 40% 

Dec 16 1 

1 

1 1 



09 


Dec 17 I 

1 

2 

i — 

05 — 



1913 1 

* 1 



*• 



Jan 25 

1 

7 

“4- 

05 — 



Feb 8 

++ 

5 

— 

05 — 

09 

30 c c of 40% 

March 14 | 

++ 




0 76 


March 28 to 

++ 






April 25 j 

++ 




t3 


April 25 

1 

I ++ 

1 

1 3 

j "4- 

05 — 




* Cholestenn heart antigen 
t Salvarsan Three injections given 


Case 893 — B , a man 34 years of age, who had early tabes, suffering 
chiefly from shooting pain in the legs for two years, and slight unsteadiness in 
gait for SIX months In four months he received 8 2 gm neosalvarsan and four 
intraspmous injections, a total of 48 cc of his own serum The increase in the 
intensity of the Wassermann reaction after the treatment was started is worthy 
of note The sudden drop m cells and the disappearance of the Wassermann 
reaction occurred after the first intraspmous injection After the fluid was 
reduced to normal except for a slight increase in globulin, the treatment was 
continued intravenously because of the persistence of the Wassermann reaction 
in the blood serum This case illustrates the point which we have noticed, that 










H F SWIFT— A W, M ELLIS 


341 


if, before treatment was started, large quantities of the fluid are required to 
obtain a positive Wassermann reaction, the reaction disappears fairly rapidly 
under treatment 


TABLES — ^No 605 F K Age 27 Cerebrospinal Stphilis Duration (?) 
Previous Treatment None Kesult Improved 


Date, 1912 

Blood 

Wass 

Reaction 

Cerebiospinal Fluid 

Treatment 

Cells 
per 
c mm 

Noguchi 

Globu- 

lin 

Wassermann 
Reaction 
c c 

Spinal Fluid 

Intia- 

venous 

Salvarsan, 

gm 

fntraspmous 

Serum 

April 25 

1 H — h 

59 ' 

+ 

02-i-f 

03 

30 c c of 40% 

May 2 

++ 



0 3 -(--1- 

03 

30 c c of 40% 

May 9 j 

‘ 4- 

1 




03 


May 23 ] 

+ 

14 

+ 

03-f-}- 

03 

30 c c of 40% 

June 13 

+ 

5 


03-1-1- 

03 ! 

30 c c of 40% 

June 20 

+ 

6 


04-1-1- 

03 

30 cc of 40% 

July 18 

rfc 

2 


0 5-1-+ 

03 

30 e c of 40% 

July 26 j 





03 


Aug 15 

±: 

2 


0 4-1-+ 

0 3 

30 c c of 40% 

Sept 12 


6 


04-f-l- 

04 
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Case 605 — F K , a man 27 years of age, who was admitted because of 
ophthalmoplegia interna of the left eye He denied syphilis and had not taken 
anti-syphilitic treatment His physical examination was noimal except for one 
dilated pupil In one year he leceived twenty intravenous injections, a total 
of 6 6 gm of salvarsan and 4 5 gm neosalvarsan, and 144 c c of his own serum 
in twelve intraspinous injections At the end of this time the cerebrospinal fluid 
became noimal and there was a distinct diminution in the intensity of the Wasser- 
mann reaction in the blood-serum 

This IS the type of case which IsTonne and Erh have described as 
usually going on to tabes or paresis The distinct changes which were 
first found in the cerebrospinal fiuid indicate that the patient was suffer- 
ing from an active s3’-philis of the central nervous system, although he 
presented as physical signs only one dilated pupil It seems reasonable 
to suppose that the treatment with the resultmg return to normal of the 
ceiehiospinal fluid has resulted in an arrest of the sj-philitic process 
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Piobablj- by caieful clinical examination, as well as examination of tbe 
ceiebrospinal fluids, many cases of tabes could be detected m this early 
stage and anested by applying intensne and piolonged treatment It is 
worthy of note that man} of the tabetics gne a history of diplopia or 
other tiansient eye distuibances seieral years before the onset of any 
otliei symptoms It is important to 3ecogni7e the disease in this early 
stege in order that it ma} not be allowed to pi ogress until marked nerve 
degeneration has oceuired 
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Case 152 — 0 F . a man 32 years of age ivho illustrates both the result 
of intraspinous treatment and the necessity of continuing some form of treat- 
ment until the cerebrospinal fluid is normal He had a well marked tabes of 
three and one-half yeais’ duration, with severe shooting pains Previous to his 
admission he had received very little anti-syphilitic medication In the first 
Tear he received 2 2 gm saharsan in eleven intravenous injections, which 
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resulted in slight reduction in the degree of pleocytosis, a moderate i eduction 
in globulin, and as far as could he determined, little if any effect on the Wasser- 
mann reaction in cerebrospinal fluid Then in one month’s time he had 1 5 gm 
salvarsan in flve intravenous injections plus three intiaspinous injections, a 
total of 36 cc of his own serum This resulted only in a reduction of the 
pleocytosis For the next eight months he refused to have systematic treat- 
ment In January, 1913, the pains became moie severe and about the end of 
the month he developed diplopia Examination of the cerebrospinal fluid revealed 
a more marked pleocytosis than on any previous examination In the next two 
months systematic treatment consisting of seven intravenous injections, a total 
of 5 8 gm neosalvarsan, and six intraspinous injections of his own serum, a total 
of 72 cc , resulted in a i eduction in cells to nearly normal, and a marked decrease 
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m the intensity of the Wassermann reaction in the cerebrospinal fluid At the 
same time the pains and diplopia disappeared The symptomatic relapse and 
the increase in the signs of the active pathological process as shown by the 
cerebrospinal fluid in the patient is in striking contrast to the subsequent course 
of the disease in those patients whose cerebrospinal fluid had been rendered 
normal by treatment 

Case 113 — W L S, a man 52 ■vcars of age, who had a moderate tabes of 
seven years’ duration The principal symptom was shooting pain In the first 
ten months of treatment he had seven intravenous injections of salvarsan, a 
total of 1 8 gm , and siv months mixed treatment This resulted in a reduction 
in cells from 72 to 30 per c mm , and a moderate decrease in globulin In the next 
three months he received 2 5 gm salvarsan in nine intravenous injections and 
nine intraspinous injections of his owm serum, a total of 109 cc At the end 
of this course of treatment the cerebrospinal fluid was normal except for a trace 
of globulin Because of the persistence of a positive Wassermann reaction in 
the blood, intramuscular injections of mercurj were given, but could not be 
tolerated long Occasional lumbar puncture showed that the cells were increas- 
ing slightly in number, and systematic intravenous treatment with neosalvarsan 
was giv'en After five treatments, a total of 3 3 gm it was found that the spinal 
fluid again showed a poaitiv e Wassermann reaction with 0 4 c c This returning 
reaction cannot bo attributed to the increased sensitiveness of the cholestenn- 
heart antigen, because the reaction was negative in Januarj with the same 
antigen This patient has showm less symptomatic improvement than any of 
our other patients After a course of treatment theie would be some decrease 
in pain and periods of a week or more without pain, but no permanent relief has 
been obtained The return of the positiv'e Wassermann reaction in the cerebro- 
spinal fluid seems to indicate that the svphilitic process is still active in some 
part of the cerebrospinal axis The disappearance of the reaction under com- 
bined intraspinous and intravenous treatment, and its reappearance under intra- 
venous treatment alone, seems to point to the advantage of the combined method 
in this patient at least 

DISCUSSION 

The cases cited above are only examples of the various groups of 
patients whom we have under treatment Prom the expeiience of the 
past two years we now feel that 0 2 gm or 0 3 gm salvarsan is too small 
a dose, and that neosalvarsan given in the same lelative amounts as sal- 
vaisan is much inferior to salvarsan At present we are giving full 
doses of salvarsan — 0 45 gm to 0 5 gm — every two weeks, and in addi- 
tion mtraspmous injections of 30 c c of 40 per cent serum, until the 
cerebrospinal fluid shows a normal cell count and a negative Wassermann 
reaction Under this plan of treatment many of the cases are showing 
more rapid improvement than did those tieated a year or moie ago, illus- 
trated m these tables Unfoitunately, our experience with general paral- 
ysis IS too limited to give definite results One patient with early paresis 
and one or two others who are border-lme cases between tabes and pare- 
sis have shown a rapid decrease m pleocytosis and a moderate decrease 
m the globulin, but the Wassermann reaction has been slower in showing 
a response When one considers the anatomical drfficnlties in reaching 
the myriads of spirochetes that are present in the brain in this condition, 
he IS impressed with the necessity of prolonged and vigorous treatment 
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Another point brought out by the work here presented, is that the 
treatment of chronic syphilitic diseases of the central nervous system is 
not the admimstration of two or four intravenous injections of salvar- 
san, or the exhibition of a certam amount of mercury and lodids. Each 
case presents a slightly different problem, and must be considered indi- 
vidually Some respond much more rapidly than others, but the object 
in all should be to obtam a persistently normal cerebrospmal fluid Of 
course, we cannot state with certamty that a normal cerebrospmal fluid 
assures that there will be no further progress of the degenerative process 
All we can say is that as long as the cerebrospinal fluid gives evidence 
of a specific pathological process m the central nervous system, and we 
have specific therapeutic measures which will remove that evidence, these 
measures should be applied Only when the fluid has become normal are 
we justified m discontinuing the treatment, and observations of the fluid 
should be contmued so that at the first evidence of relapse treatment 
may be resumed 

The method of intraspinous injection is not presented as a substitute 
for any of the accepted forms of treatment, but as an aid in attacking 
these severe mfections We feel that there is definite evidence that this 
form of treatment has a curative action on the syphilitic process, and 
that, therefore, its combination with mtensive intravenous treatment is 
indicated where specially mtensive treatment is required, as m rapidly 
advancing tabes or paresis, or where the disease has resisted other forms 
of treatment 



THE A^ALTJE OF EDESTHST AND PEPTONE IN THE DIAG- 
NOSIS OF CANCER OF THE STOMACH-'- 


JOSEPH C FRIEDMAN, MD, and WALTER W HAJIBURGER, MD 

CniCAGO 

Neubauer and Fischer/ in 1909, pioposed the use of glycyltryptopliau 
as a leagent foi the estimation of peptolytic activity and applied it to 
the diagnosis of eaicmoma of the stomacli The test consisted in mixing 
glycyltr 3 ^ptophan with a portion of the filtered gastric juice obtained 
after the usual test hi eakf ast, incubating foi twenty-four hours, and then 
testing with bromin vapor for the iose-\iolet color of free tryptophan 

Their conclusions were as follows 

1 There exists in carcinomatous stomach contents a ferment which 
contrary to pepsin, will split glycjdtryptophan 

2 This feiment is destroyed by an acidity of 36 per cent HCl 

3 The presence of this feiment may be of diagnostic value 

Their report was accepted with widely divergent criticism Lyle and 
Kober,^ Pechstein,^ Oppenheimer^ and others, considered it of ^alue 
Ley,® Ehrenberg,® Sanford and Rosenbloom,'^ etc, believed it valueless 
Several authors described modifications of the original method Wein- 
stein® tested stomach contents directly for free tryptophan , Kuttnei and 
Pulvermacher® used silk peptone as a less expensive leagent, estimating 
peptolytic action by the precipitation of tyrosin undei the microscope, 
Jacque and WoodyatP® and Schrjwer and Smger^^ proposed a quantita- 
tive test, applying the formol titration of Soi ensen-Ronchese to a mixtuie 
of gastric juice and Witte peptone None of these modifications, with 
the exception of the last-named, have yielded more uniform results than 
the origmal method In the procedure about to be described we have 
used the peptone quantitative method and have added the use of edestin 

^ From tlie Department of Climcal Research, Michael Reese Hospital, and 
the Morns Institute for Medical Research 

1 Neuhauer and Fischer Deutsch Arch f klin Med 1909, xcvii, 499 

2 Lyle and Koher New York Med Jour, 1910, xci, 1151 

3 Pechstein Berl klin Wchnschr , 1911, xlviii, 375 

4 Oppenheimer Deutsch Arch f klin Med , 1910 11, ci, 293 

5 Ley Berl klin Wchnschr , 1911, xlviii, 119 

6 Ehrenberg Berl klin Wchnschr, 1911, xlviii, 704 

7 Sanford and Rosenbloom The Archives of Int Med , 1912, ix, 445 

8 Weinstein Jour Am Med Assn , 1911, Ivii, 1420 

9 Kuttner and Pulvurmacher Berl klin Wchnschr , 1910, xlvii, 2057 

10 Jacque and Woodyatt The Archives Int Med , 1912, x, 560 

11 Sehrv\er and Singer Quart Jour Med , 1912 vi, 71 
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as a means of controlling the most f i eqnent source of erroi — proteolytic 
cleavage 

One of the most frequent criticisms of the biochemical tests for cancel 
of the stomach is the fact that the gastric contents of normal individuals, 
as well as of non-cancerous patients, under certain conditions, split 
glycyltrvptophan and other polypeptids Although several authors have 
defined the sources of error in these tests and have suggested various 
modifications to contiol them, no one, so far as ve are aware, has made 
use of a second substrat to control and rule out the cleavage due to 
non-cancerous ferments In view of these considerations, we piopose, 
therefore, to discuss, first, the probable sources of error , second, to submit 
a method for the control of the most frequent error — proteolytic 
cleavage — third, to report a series of eases in which this method has 
been used 

1 The sources of enoi in the ability of gastric contents to split 
polypeptids in the absence of malignant disease 

Emerson, following the suggestion of Friederieh Muller, showed 
that the unusually deep cleavage of proteins by gastric contents of cancel 
patients was due to the activity of a ferment derived from the cancer 
cells This ferment Abderhalden^^ believed belonged to the general group 
of eieptases, ferments capable of splitting polypeptids and peptones, but 
incapable of attacking nati\e protein Wliile minor differences have been 
found to exist between cancer ereptase and the universal ereptases of 
normal tissues, no specificity has been noted so far as the cleavage of 
polypeptids and peptone is concerned It has been shown further by one 
of us,^^ that quantitatively cancer cells of the epithelioid type contain 
less ereptase than normal kidney and liver cells (dog), but more than 
normal spleen and blood seium, while cancers of the connective tissue 
type contain least of all It should be emphasized, therefore, that these 
tests based on peptolytic cleavage are specific only insofar as the ereptase 
of any given gastric contents can be shown to be derived from the cancel 
tissue itself To do so, we must rule out ereptase from non-can cerou^ 
sources, as follows 

(a) The ereptase (erepsin) of regurgitated duodenal contents (succus 
entencus) 

(b) Serum ereptase from hemorrhage into the stomach and from transu- 
dation of ereptase containing fluids into the stomach 

(c) Tissue ereptase from breaking down of cells of the gastric muco«a 

(d) Ereptase of swallowed saliva 

In addition, protease, capable of peptolytic cleavage, as well as proteohtic 
cleavage, must he identified and controlled, if present 

(a) Trj'psin of regurgitated pancreatic ]uice 

(h) Proteases of bacteria and leukocvtes — mostly from svalloved salm 


12 Emeison Deutsch Arch f klin Med 1902, Ixxii, 415 

13 Ahderhalden Ztschr f Krebsforsch , 1910 iv, 226 

14 Hamburger Jour Am Med As=n 1912 li\ 847 
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From a general survey of these several sources of error, we considered, 
for reasons to be drscussed later, that the second group, the proteases of 
pancreatic juice (trypsin) and saliva (leukocytes and bacteria), were 
most frequently active We believed, therefore, that if this proteolytic 
cleavage could be conti oiled, we should materially increase the reliability 
of the methods in question Our results (described in Section 3) would 
lend support to this view 

The presence of pancreatic trypsin as a disturbing factor in the 
glycyltryptophan test was recognized by Neubauer and Fischer in their 
original publication and was controlled by discarding bile-stained gastric 
contents 

Kuttnei and Pulveimacher, Lyle and Kobei, Ohil and Schittenhelm^® 
and others, contended subsequently that the bile test was inadequate to 
exclude tiypsin Boldyielf has shown recently that a yellow, clear fluid 
— fiee fiom hih, rich in carbonates (pancreatic juice) and containing 
pancreatic ferments, flowed from the gastrostomy tube of a Pawlow dog, 
following the withdiawal of a weak liydrochlonc acid solution, introduced 
for the purpose of stimulating the secretion of pancreatic juice On the 
basis of our own work we agree with those holding that a negative bile 
test does not of itself exclude tiypsm 

Warfield^® and Koehlkei^'^ fiist called attention to the fact that saliva 
under certain conditions is capable of hydrolj^zing gycyltryptophan and 
other di- and tripeptids, believing such action to be due to a hitherto 
un described salivary ferment Jacque and Woody att and Smithies,^® 
experimenting with saliva after passage through a Berkefeld filter and 
centrifuging, conclude that the peptolytic action is due, at least in large 
part, to bacteria From certain experiments of our own, we have found 
m various salivas evidences of pioteolytic (as well as peptolytic) activity, 
due probably to the contained leukocytic ferments (leukoprotease) This 
leukopiotease we believe to be responsible foi much of the salivary pepto- 
lytic action We would further emphasize that the method about to be 
described for the control of pancreatic trypsin serves equally well for 
salivary leukoprotease, thereby dismissing, for purposes of clinical diag- 
nosis, the problem of the origin of the proteolysis 

2 The use of edestvn and peptone %n dvferentiatmg and eshmatmg 
proteolytic and peptolytic cleavage 

The use of the vegetable globulin edestin was suggested to us by Dr 
Joblmg as a true native protein subject to cleavage by proteolytic fer- 

15 Ohrl and Schittenhelm Zentralbl f d gesamt Physiol u Path d 
Stoffweehs , 1912, xi, 881 

16 Warfield Bull Johns Hopkins Hosp , 1911, p 150 

17 Koehlker Ztschr f physiol Chem , 1911, No 30 

18 Smithies The Abchives Tnt Med , 1912, x, 521 
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ments only, thereby serving as a substrat for differentiating cleavage 
due to peptoljdic enzymes Casein, which was used to some extent in our 
earlier experiments, was later discarded in view of its slight digestion 
by erepsin (Cohnheim) Fischer and Abderhalden^® and Abderhalden 
and Gigon^° have previously used edestin in estimating the actmiy of 
pancreatic juice and ferments, while Fuld and Levison^^ have used it for 
quantitative determinations of pepsin These several procedures are 
based on the fact that edestin is soluble in both acids and alkalies, but 
IS msoluble in neutral solutions, particularly in the presence of con- 
centrated salt solution (Osborne ) 

METHOD 

{a) Control and EstimaUon of Proteolytic Cleavage (Proteolysis) — 
Crystallyzed edestin, prepared by macerating hemp seeds in 10 per cent 
ISTaCl, then dialyzed and precipitated with 95 per cent alcohol, is made 
up as a 0 1 per cent solution in 0 1 per cent IsTasCo, This stock solution 
in the refrigerator remains unchanged for several days to a week 

The filtered (through ordinary moistened filter paper) gastric con- 
tents, obtained as soon as possible after the usual Ewald breakfast, are 
neutralized with a normal NaoCOg solution (2 drops of a 1 per cent 
alcoholic phenolphthalem solution serving as indicator) and brought to 
an alkalinity equal to N/lOO NagCOg, for the purpose of inactivatmg 
pepsin while activating trypsin and other alkaline and neutral acting 
proteases 

Two c c of the edestin solution is placed in each of four ordinary 
test-tubes, and the neutralized gastric filtrate added in decreasing 
amounts of2cc,lcc,05cc, respectively, to the first three test-tubes , 
the fourth tube, containing edestin and carbonate alone, serving as 
control All four tubes are made up to an equivalent volume with a 1 
per cent iNfagCO^ solution The tubes are then placed in the incubator at 
37 C , and removed at the end of four hours Proteolysis is estimated 
by the precipitation of unhydrolyzed edestin by the drop by drop addition 
of 5 per cent acetic acid, complete absence of turbidity on neutralization 
indicating complete digestion, slight turbidity, partial digestion, maxi- 
mum turbidity (as compared with the control tube), no digestion The 
degree of proteolysis is indicated m the protocols as follows Complete 
digestion in all tubes (except control) (no precipitate on neutralizabon), 
+ -{- -b 3 paitial digestion (no precipitate in Tubes 1 and 2 with 
turbiditj^ in Tube 3), -] — minimal digestion (no precipitate in Tube 
1, with turbiditj’’ m 2 and 3), -p , no digestion (turbidit}’^ in all tubes), 0. 

19 Pischer and Abderhalden Ztschr physiol Chem , 1905 xlvi, 52 

20 Abderhalden and Gigon Ztschr physiol Chem , 1907, liii, 119 

21 Fuld and Levinson Biochem Ztschr 1907, au, 473 
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Care ]s nccessaiy that onlj’’ tlie minimum of acid necessaiy to 
nentialize be added, as excess of acid causes a re-solution of edestin It 
is -ft ell to standaidize the number of drops of acid necessary foi neutrali- 
zation m the contiol tube with the aid of a diop of phenolphthalein 
(b) EbUmation of Pepiolyke Cleavage (Pepiolysts) — Ten cc of the 
gastiic filtrate aie added to 20 c c of a 2 per cent Witters peptone solu- 
tion and 10 cc of the mixtuie remo\ed as contiol and titrated for free 
ammo gioups by the Soiensen-Ronchc=e foimol method, as applied by 
Jacque and '\y00d3att The remaining 20 c c aie placed m an Eilenmeiei 
flask under toluol at 37 C for twenty-four houis, at the end of that 
period, 10 c c aie again lemoied and titiated, tlie difleience between the 
first and the second titiation expiessing the degiees of peptohsis in temis 
of c c IST/IO NaOH pei 100 c c of the mixtuie 

3 Results of the application of the edestin peptone method in a 
series of cases 

This report compiises the results obtained fiom thiiCv-seien case*; 
divided as follows 

Cases 


(a) Cancer of the slomacli 10 

(b) Chronic ulcer of the stomach 5 

(c) Chronic inflammation of gall-bladder and pancieas 0 

( d ) Old gastro enterostomy cases 4 

(e) Control cases 12 

Total 37 


Only those cases are included in which the diagnosis was conti oiled 
by the operative or autopsy findmgs, or m which the clinical picture was 
so definite as practically to exclude eirors in its inteipretation 

Our conclusions may be summaiizcd as follows, and we would empha- 
size that they are submited as pieliminary only, as they are drawn from 
too small a number of cases to be considered as final 

(a) Cancer of the Stomach (Table 1) — Moderately advanced and 
advanced cancer of the stomach, involving the pyloric portion, associated 
with low total acidity and low or absent fiee HCl produces greatest 
peptone cleavage (peptolysis 8 2, proteolysis trace) 

Early cancer, situated on the lesser curvature between p3dorus and 
cai dia, possibly developing on an ulcer basis, with high total aciditv and 
low or absent free HCl, gives least peptone cleavage (peptolysis 2 0 
proteolysis 0) 

Microscopic and chemical tests for bile aie not sufficient to rule out 
tryptic pioteolysis in all cases Edestin is a reliable means of controlling 
nroteolytic cleavage fiom panel eatic juice and saliva 
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10 

1 25 

1 15 

1 * 

Operation Carcinoma, involving 












pylorus and one-third greater 
curvature Pylorus partially 












stenosed 

3 





0 

1 0 

13 

19 

6 

* 

Operation Carcinoma of pylorus 












and greater and lesser cuiv- 
ature Pylorus completely 
stenosed by foreign body 

4 



42 


0 

0 

10 

! 12 

2 

1 * 

Operation Interosteal carcinoma 









i 

i 

i 



with perforation , lesser curv- 
ature Probable cancer on old 
ulcer 

5 





0 

t 

11 ■ 

22 

11 

+ + 

Refused operation Clinical diag- 


200 


6 

+ 1 

++ 

0 

11 

26 

15 1 

+ + 

nosis, carcinoma 

6 

V 


12 

0 

0 

0 

14 

16 

2 

0 

Operation Carcinoma anterioi 





1 







wall near lesser curvature 

7 

275 

12 


0 

0 

_j — (_ 





Operation Carcinoma greater 


200 

8 

37 

0 

0 


13 

13 

0 

0 

part lesser curvature and pos 
tenor wall, probable develop- 
ment of carcinoma from preced- 
ing gastric ulcer 

8 

$ 

15 

85 

0 

0 

++ 

15 

15 

0 

0 

Operation Carcinoma anterior 












wall of stomach developing fiom 
gastric ulcer Mistaken diag 
No evidence of malignancy ( ’) 

9 

120 


6 

+ 

0 

0 

7 

15 

8 

0 

Operation refused Clinical diag- 

10 

? 

0 

32 

+ 

0 

0 

15 

30 

[ 

1 

15 

* 

nosis, carcinoma Operation for 
stenosing carcinoma of pyloi us 
and posterior wall and lesser 
curvature 


* Not made f Trace J Vomitus 


TABLE 2 — Ulcer Cases (Five Cases) 





Ewald 



Peptone 

Edestin 


Case No 

Amt c c 

toil 

Total Acid 

Lactic 

Bile 

Blood 

Conti ol 

Twenty four 
Houi 

1 

1 


Diagnosis 

11 

140 

; 62 

79 

0 



9 

9 

0 

0 

Duodenal ulcer 

12 

130 


8 

! + 

1 

1 


18 

18 

1 

0 

^ — h 

Operation, chronic ulcer at duo 
denal pylorus juncture No 

eiidcnce of maliunancy 

13 

210 

; 26 

42 

0 


1 0 

! 11 

12 

n 

0 

Chronic pjlonc ulcer 

14 


35 

68 

0 1 



1 15 

16 

B 


Clironic duodenal ulcer 

15 


44 


0 



1 15 

16 5 

H 

* 

Chronic gastric ulcer 


'Not made 
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Lactic acid is not a maiked inhibiting agent of peptolysis, blood, high 
total acidity and moderate free HCl (6 to 20) cause greatest (to com- 
plete) inhibition 

(h) Chrome Ulcer of the Stomach and Duodenum (Table 2) — 
Chronic nlcei associated with higli free HCl and high total acidity 
pioduces practically no proteolytic or peptolytic cleavage (peptolysis 0 5, 
proteolysis 0) 

In one instance (Case 12) chronic nicer with absent free HCl and a 
total acidity of 8 gave no peptolytic cleavage, but positive proteolytic 
digestion 


TABLE 3 — GALL-Bj>ADDEn and PANcncAs Cases (Six Cases) 





Ewald 



Peptone 


Edestm 


Case No 

Amt c c 

.... 

O 

O 

c; 

u 

t) 

"o 

Lactic 

O 

(S 

Blood 

Control 

'1 u onty-four 
Hour 



Diagnosis 

16 

25 


25 


+ 


11 

14 

3 

# 

Refused operation Chronic chole- 
cystitis and cholelithiasis 

17 

90 

0 

11 


0 



24 

13 

++ 

Refused operation Alcoholic gas 
tritis , chronic cholecystitis 

18 

? 

0 


■hi 

0 


9 

20 

H 

-| — j — p 

Operation Chronic cholecystitis 
and pancreatitis 

19 

50 

0 

34 


0 


9 

15 

6 

++ 

Refused operation Cholecystitis 

and cholelithiasis 

20 

60 

0 

19 


0 


14 

30 

16 


Refused operation Chronic chole 
cystitis and gastritis 

21 

50 

0 


-hi 

0 


11 

24 

13 

+ 

Operation Chronic cholecystitis 

with cholelithiasis, pancreatitis 


* Not made 


(c) Chrome Inflammations of Gall-Bladder and Pancreas (Table 3) 
— Chronic cholecystitis and pancreatitis associated with absent free HCl 
and low or model ate total acidity, with negative tests for bile, cause both 
marked proteolysis and peptolysis (peptolysis 11 to 14 6 , proteolysis -|- 

to -f- -f-) 

In such cases edestm is an effective control of proteolytic cleavage, in 
particular where the clinical and laboratory findings pomt strongly to 
cancer In our thirty-seven cases, six shoiving marked peptolysis with 
negative bile tests were so controlled by edestm, thereby reducing a 
possible 16 per cent error to zero 

22 A iRrger ssnes may show this to possess differentiating value between ulcer 
and early cancer, viz absent peptolysis with positive proteolysis (with low 
acidities) speaking for ulcer, moderate peptolysis with moderate or absent pro- 
teolysis speaking for cancer 
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{d) Old Gastro-Enterostomy Cases (Table 4) — In old gastro-enter- 
ostomy cases (for benign pyloric obstruction) with positive bile tests, 
proteolysis and peptolysis are both marked (peptolysis, 16 6 ; proteolysis, 

+ + +) 

It is of interest to note the parallel tests of bile and edestm as controls 
of proteolytic cleavage in this series, as compared with the negative bile 
and positive edestm tests of Table 3 It would appear that either bile 
experiences less difficulty in gaming entrance to the stomach thiough 
the gastro-enterostomy opening, or, and more likely, the stimulus to 
biliary secretion is increased by certam physiologic changes incident to 
the deflection of the chyme stream 

(e) Control Cases (Table 5) — Series of control (normal) cases show 
unifoim absence of proteolysis and peptolysis m presence of free HCl, 
and m some cases positive proteolysis with negative bile tests (peptolysis, 
0 to 4, proteolysis, 0 to -[-) 


The degree of peptolysis and proteolysis m these several groups of 
eases may be tabulated as follows 


Cancer (10 Cases) — 

7 Pyloric carcinomas 

Peptolysis 

Average 

82 

Proteolysis 

Average 

trace 

2 Intel osteal carcinomas 

20 

0 

1 Lesser curv and post wall 

00 

0 

Dlcet (5 Cases) — 

3 Chronic pyloric ulcers 

05 

+ 

2 Chronic duodenal ulcers 

0 5 

0 

Gall-Bladder and Pancreas (6 Cases) — 

2 Chronic cholecystitis with cholelithiasis 

45 

+ 

2 Chronic cholecystitis with gastritis 

14 5 

++ 

1 Chronic cholecystitis with pancieatitis 

11 0 

+++ 

1 Chronic cholelithiasis mth pancreatitis 

13 0 

+ 

Gastro-Enterosiomy (4 Cases) — 

3 Old incompetent gastro-enterostomies 
for gastric ulcer with pyloric stenosis 

16 6 

+++ 

1 Old gastro-enterostomy or duodenal 
ulcer 

0 

++ 

Control Cases (12 Cases) 

5 Neurasthenia, see anemia, gastroptosis, 
etc 

0 

0 

7 Pernicious anemia, Basedow, acute 
nephiitis, etc 

4 

+ 


These lesults may be taken to mdicate that in cases of doubtful 
diagnosis m which cancer is being considered, a relatively high peptolysis 
with low proteolysis speaks for carcinoma ^ high peptolysis and high pro- 
teolysis against carcinoma 



TABLE 4 — Gasteo-Enteeostomy Cases (Foeb Cases) 





Ewald 



Peptone 

Edestin 


Case No 

Amt c c 

i 

1 ^ * 
1 1 

1 1 

0) 

1 O) 

Total Acid 

Lactic 

OJ 

p2 

Blood 

Conti ol 

Twenty four 
Houi 

o 

c 


Diagnosis 

22 ' 

180 

20 ! 

1 56 ^ 

0 

1 

1 1 

!+++ 

0 

12 j 

12 

1 0 

1 ++ 

Old, incompetent gastro enteros 
tomy for chronic duodenal ulcer 

23 

120 

0 

1 

0 ' 

1 ++ 

1 

0 

1 13 

34 

|21 

I+++ 

Old, incompetent (“vicious eir 
cle”) gastro enterostomy for 
gastric ulcer 

24 

75 

0 

16 

0 

1 ++ 

0 

11 

35 

24 

; ++ 

1 

Old, post gastro-enterostomy for 
pyloric ulcer Saicoma of intes 
tine 

25 

80 

i 

] 

37 

1 

62 

j ! 

0 

1 ++ 

i 

1 

0 

1 7 

12 

1 

1 5 

• 

1 ++ 

Old (eighteen months), gastro 
3 e]unostomy for supposed 
pyloric ulcer Operation dis 
closed a carcinomatous ulcer in 
upper jejunum, opposite gastro 
jejunal opening 


* Not made 


TABLE 5 — CoNTEOL Cases (Twelve Cases) 



Eu aid 

Peptone 

Edestin 


o 

O 

o 

s 








Diagnosis 


V 

W 










C? 

CO 

C3 

O 

Amt 

0) 

Q) 

a 

& 

•13 

a 

Bile 

Blooc 

-u 

O 

O 

o o 

Inc 


- 

26 



1 




6 

10 

4 

* 


27 ’ 

50 

12 

1 38 

X 

0 

O' 

9 

18 

9 

+ 

Pernicious anemia 











Severe secondary anemia from 












unknown cause [Pernicious 

28 

1 

100 

20 

j 45 

0 

0 

0 

16 

16 

0 

0 

anemia ( ?) ] 

Gastroptosis , secondary anemia, 

29 ' 

130 

9 

25 

0 

0 

0 

10 

10 

0 

0 

chronic interstitial nephrius 

13 1 

1 43 








JMembranous colitis 

30 ' 

40 ' 

18 1 

j 

36 

0 

0 

0 

11 

11 

0 

* 

Thrombo angiitis obliterans 

31 

15 

0 

15 

0 


1 0 

13 

16 

3 

+ 

(Splanchnic vessels ) 

32 

110 

25 

66 


j 0 


15 5 

16 

1 5 

* 

IMembranous colitis 


? 




12 

15 

3 

* 

Neurasthenia 

34 

35 

36 

37 

97 

0 

13 

V 

0 

! 

1 0 

1 0 

12 

11 

19 

13 

7 

2 

+ + 

"1" 

Neurasthenia 

Refused operation Carcino ^ 

descending colon, enteroptosi- 

160 


f 




11 

14 

3 


Exophthalmic goiter 


V 




13 

14 

1 1 

♦ 

Acute nephritis 

Gastric neurosis 



* Not made 
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SUIMMARY 

1 Bdestin is a valuable aid m conti oiling the proteolytic cleavage of 
stomach contents 

2 ddie proteolytic cleavage of stomach contents is due in most 
instances to legurgitated tiypsm, although leukocytes and bacteria prob- 
ably play some role 

3 By the use of edestin with peptone it is possible to materially 
reduce the errors in non-cancerous and noimal cases due to trvpsin, 
leukocytes and bacteria 

4 The edestm-peptone method possesses distinct value in the diag- 
nosis of cancer of the stomach and is of considerable service in the diffei- 
ential diagnosis between benign and malignant anacidity 

5 High peptolysis with low proteolysis speaks foi carcinoma, high 
peptolysis with high proteolysis against caicmoma 

6 The edestm-peptone method, as in other laboratory tests, is of 
practical value only when taken in conjunction with the usual clinical 
and laboratory findings 

Tlie cases in this report weic taken for the most part from the legular 
medical and suigical services of Michael Reese Hospital Our thanks are given 
to the attending men and interns on the services for then coopeiation and 
courtesy in placing these cases at oui disposal We are likewise indebted to 
Di Julia Grotty, of the Cook County Hospital, foi two cases fiom the medical 
wards of that hospital Finally, we would evpiess oui appreciation to Dr 
Jobling for helpful criticisms and suggestions 



BOOK REVIEW 


ruBEKCui-iN IN Diagnosis and Treatment By Louis Hamman and Samuel 

Wolman D Appleton & Co, New York and London, 1912 

During the last ten years the use of tuberculin in diagnosis and treatment 
has received wide attention, but so numerous are the preparations of tuberculin 
now available, so vaiied their methods of application, and so diversified the views 
as to the choice of preparation, the value of tuberculin in diagnosis and its place 
as a curative measure, that it requires much time and accurate knowledge of 
the voluminous literatuie to acquaint oneself with the necessary details and 
current opinions All this accumulated and valuable knowledge Hamman and 
Wolman have sifted and arranged, together with their own extensive experience, 
into a very interesting and exceedingly useful hook The subject is treated from 
its broadest and most rational aspect, and presented in a thorough and impartial 
manner 

The book of some three hundred and fifty pages is divided into three paits 
the first deals with “The scientific principles underlying the diagnostic and thera- 
peutic use of tuberculin”, the second with “The use of tuberculin in diagnosis,” 
and the third with “The use of tuberculin in treatment ” The first of these 
parts or chapters embodies an excellent r6sum6 of the experimental basis for the 
practical application of tuberculin, and the theoretical problems connected there 
with, and includes an interesting account of the gradual development of our 
knowledge concerning the tuberculin reaction and its relation to anaphylaxis In 
the second part the various methods of applying tuberculin for diagnostic pur- 
poses are carefully described and the piactical worth of these different methods 
analyzed and compared Hamman and Wolman speak quite favorably of the 
conjunctival leaction, which in their hands has not been attended with any 
alarming results and which they think if used properly is harmless They con- 
sider it the least sensitive test for the determination of the presence of a tubercu- 
lous focus in the body, but the most valuable positive test for determining the 
presence of an active tuberculous infection The cutaneous and intracutaneous 
tests are so delicate that they can be used only to exclude the presence of tubeicu 
losis In the last part theie is a thorough discussion of tuberculin as a thera 
peutic measure The authors believe that it has value analogous to fresh air, 
rest and diet, and since it is an adjuvant if used properly, its worth should not 
be neglected There follow descriptions of the different tuberculins now in use, 
their method of application in tuberculosis of different organs and the dangers 
dependent on their misuse 

The book represents a most careful and critical survey of the whole subject 
which IS presented in an interesting and really illuminating manner 
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ATYPICAL TYPHOID IHFECTIOH 

W T CmiMINS, MD AND P K BROWN, MD 

SAN FRANCISCO 

Typhoid fevei with its well-known clinical and pathological picture 
may piesent itself in various atypical forms Louis, in 1829, was appar- 
ently the first observer to note the disease without the usual intestinal 
lesions Dittrich (1846), Lebeit (1868) and Guyot (1870) contiibuted 
additional cases to the literature Since the typhoid bacillus was not 
discovered and its etiological significance established by Eberth and 
Gafiky until 1880 and 1884, these eaily cases are open to question 
Morre,^ in 1880, repoited a case of splenotyphoid with suppurative 
changes m the spleen and no demonstrable mtestmal lesions One year 
latei Mader^ leported a case of bronchotyphoid, while Church,® in 1882, 
reported thiee cases of extra-mtestinal type Among many others speci- 
fically described below, Vaillaid^ (1890), Phillips® and Beatty® (1897), 
Laitigau,^ Eichardson,® Howard® and BryanP® (1899), Turney^^ (1900), 

* Submitted for publication June 8, 1913 

* Read at the meeting of the California State Medical Society, Oakland, 
Apiil 17, 1913 

1 Morre Enteric Fever without Disease of the Glands of the Ilium, Proc 
Path Soc , Dublin, 1880-82, in, 26 

2 Mader Tod Bericht der k k Krankenanstalt Rudolf-Stiftung, Wien, 
1881, p 278 

3 Church St Barth Hosp Rep , 1882, vvii, 97 

4 Vaillaid De I’mfection par le bacille typhique sans l&sions intestinales. 
La Semaine m4d , 1890, No 12, p 96 

5 Phillips Pioc Clin Soc, London, Feb 12, 1897 

6 Beatty Enteric Fever without Intestinal Lesions, Brit Med Jour , Jan 
16, 1897, p 148 

7 Lartigau On Typhoid Septicemia with a Report of two Cases, One of 
Which Was a Typhoid Infection without Intestinal Lesions, New York Med 
Jour , XX, No 158 , Bull Johns Hopkins Hosp , 1899, x, 55 

8 Richardson Boston Med and Surg Jour , 1899, p 498 

9 Howard Extra-Intestinal Inflammatory Lesions Caused by Typhoid 
Bacillus, Philadelphia Med Jour , 1899 p 402 

10 Bryant Brit Med Jour , 1899 i, 776 

11 Turney A Case of Typhoid Septicemia, necropsv. Lancet, London, Sept 
29, 1900 p ‘940 
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Opie and Bassett^^ (1901), McDanieB^ ( 1902 ), Kaufmanni" (1911), and 
Posselt^= (1912) have reported cases, all being confirmed by bacteii- 
ological or serological examination 

Spleen — DogliettP” has noted a ease of so-called splenotyphoid with 
the spleen three times larger than normal and without intestinal or 
mesenteiic node involvement Blood-cultures were negative, but the 
typhoid bacillus was isolated from the roseola BlumenthaB^ observed 
marked lymphoid hyperplasia of the spleen together with infarction and 
no specific intestinal lesions In this group may be placed the cases of 
G-rifion’-® (streptococcus mixed-inf ection ) , Monroe and CampbelP® (peri- 
splenic abscess and empyema), Melchior®® (splenic abscess), Karlinski®^ 
(myomalacia cordis-mfarct, etc), Cheadle®® and Guizzetti®® 

Livet — Some observeis have stated that typhoid fever may induce 
severe pai enchymatous changes together with cirihosis, necrosis and 
atiophy, the condition simulating acute yellow atrophy In 1865, Politzei 
noted in a four-months old baby acute livei atrophy with distinct 
hyperemia and enlargement of the «!olitaiy follicles and Peyei’s patches, 
as well as the mesenteiic nodes Powell®^ has reported the case of a child 
with typhoid fever, hepatic cirrhosis and death from acute yellow atrophy 
There waSj however, no report of baeteiiologieal or serological findings 
Tecklenburg®® observed a case of acute yellow atrophy presenting all the 
features of typhoid fever Marked pai enchymatous hepatic changes weie 
noted by Biuno®° in a 60-year-old woman with headache, delirium, 
Kernig’s Sign, splenic enlargement, muscular contractures and Widal 
positive 1 60 ISTecropsy showed engorgement of cranial sinuses cloud} 
meningeal fluid and no intestinal lesions Of McCrae^s®’’ series of 105 
necropsies, one showed livei abscess A number of observers have 
reported this lesion, among them being Meyer,®® who, m 1911, reported 

12 Opie and Bassett Bull Johns Hopkins Hosp , July, 1901 

13 McDaniel Isolation of B typhosus from Unusual Localizations 
Cholecystitis, Meningitis and a Five Month Fetus, Jour Am Med Assn , 1902, 

XXXVll 

14 Kaufmann Lehrb der spez path Anat , i, 504 

15 Posselt Atypische typhusinfektionen Typhus ohne Daimerkrankungen, 
Lubarseh and Ostertag’s Ergebn d allg Path , 1912, i, 237 

16 Doglietti Gazz med di Torino, 1895 

17 Blumenthal Ein Beitrag zur path Anat des Paratyphus Centralbl f 
Bakteiiol (Orig), 1903, xxxiv, 113 

18 Griffon Bull Soc anat de Pans, 1902, iv, 825 

19 Monroe and Campbell Glasgow Med Jour, 1904, Ixii, 120, Glasgow 
Path and Chn Soc , May 9, 1909 

20 Melchior Berl Kim, 1909, No 255 

21 Karlinski Wien med Wchnschr , 1891, No 11 

22 Cheadle Lancet, London, 1897, ii, 254 

23 Guizzetti Clin med ital , 1900, No 6, p 358 

24 Powell Brit Med Jour, ii, 1086 

25 Tecklenburg Inaug -Dissert Freibuig, 1902 

26 Bruno II Policlm , 1903, xxxiii, 1025 

27 McCiae Osier’s Modern Medicine, ii, 100 

28 jMeyer Wissenscli Verein der Aerzte Stettins Octoner, 1911 
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the case of a 16-year-old boy B typhosus was isolated from the abscess 
Intestinal lesions weie absent 

Gall-Bladder — Primary typhoidal inflammation of the gall-bladdei 
i=! a recognized condition In 1896, Knhnau-® reported the following 
case Pemale, aged 32 years Died in the eighth week of the disease 
Spleen moderately enlarged Abscesses m the mesenteric nodes and 
kidneys Suppurative cholecystitis B typhosus from the suppurative 
foci Cushing’® noted a case of gall-bladder infection and calculus 
formation with no pievious history of typhoid fever He discussed a 
possible agglutinative reaction in the bile and its relation to calculus 
formation A young woman with typhoidal temperature and the symp- 
toms of cholecystitis was seen by Besangon and Philibert®^ Headache, 
diarrhea, roseola and splenic tumor were absent Diazo positive Widal 
positive 1 600 No note of baeteiiologieal examination A patient with 
suppurative hepatitis, cholecystitis and caval thrombosis was observed by 
Muller Widal positive 1 500 Additional case reports have been 
made by Morns,'*® Legendre,®^ Piatt,®® Stewart,®® Wilson,®'^ Posselt®® and 
Holmes ®® Quenu and DuvaP® beliei e that many cases of bemgn and 
febrile icterus, Weill’s disease, etc , are primary biliary infections with 
typhoid bacilli Carlisle and Martin^’- observed a case of cholecystitis 
with calculi, necrosis and hepatic abscesses, and summarized flfty-two 
cases of primary gall-bladder infection 

Kidneys — T}q3hoid fevei may present itself with unusual renal 
symptoms — so-called nephrotyphoid Thue’s^® case of acute hemor- 
rhagic nephritis with ulcers of the colon and anus falls in this group 
Numerous masses of l^hoid bacilli were found m the renal tissues 
VanzettP® noted a 15-year-old girl with severe parenchymatous nephiitis 
and uremia Necropsy showed renal infarcts in which typhoid bacilli were 

29 Kulinau Beil klin Wchnschr , 1896, No 30 p 606 

30 Cushing Bull Johns Hopkins Hosp , 1898, ix, 91 

31 Besangon and Philibert Bull et ni6in Soc med d hOp de Pans, ISTov 
29, 1901, p 1230, Semaine ni6d , 1901, p 396 

32 Muller, B Ztschr f Heilk , Prague, 1905, xxvi, Abt f path Anat , p 263 

33 IMorris Typhoid Infection with Primary Focus in the Gall-Bladder, Isew 
York Med Jour , 1899, Ixix, 122 

34 Legendre Bull et m6m Soc m6d d hop de Pans, Dec 6, 1901 

35 Pratt Typhoid Cholecystitis, with Observations upon Gall-Stone Forma- 
tion, Am Jour Med Sc, 1901, cxxii, 584 

36 Stewart A Case of Primary Typhoid Cholecystitis with Calculi, Am 
Med, 1904, vii, 1018, Proc Philadelphia Co Med Soc, 1904, xxv, 109 

37 Wilson Primary Typhoid Cholecystitis and Cholangitis, Jour Am Med 
Assn, 1908 1, 1607 

38 Posselt Ergebn d allg Path , 1912, i, 265 

39 Holmes Hew York Med Jour , 1911, xciv, 315 

40 QuCnu and Duval Les angiocholites aiguCs Soc int d chir 1909 

41 Carlisle and Martin Proc Path Soc, Hew York, 1908, viii, 138 

42 Thue Horsk Mag 1889 p 272 

43 Yanzctti Arch p le sc med , 1902 xxn, 59 
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found The spleen and intestines were noimal Tlexner^^ has leported 
a case of typhoidal septicemia with focal renal abscesses from which B 
typliosvs was isolated Bilateral renal abscesses have been reported by 
Krokiewicz^^ ISTapier and Buchanan^® have noted the persistence of 
hematuria for five months after infection and a similar case, though of 
shorter duration, was seen by Lesieur'*’’ The bibliography furthei 
includes cases published by Kuhnau,^® Nattan-Larner,^® Scheib,^® Monroe 
and CampbelP® and Politzer 

Lungs and Pleurae — Typhoid bacilli sometimes produce pulmonaiy 
and pleural lesions, chiefly lobar and bronchopneumonia and pleural 
efiusion Bronchopneumonia appears to be the commonest of these 
lesions Plexner®^ noted a case in which thrombosis of the pulmonary 
artery, pulmonary gangrene, pyopneumothorax and cholelithiasis were 
found The intestines showed no evidences of typhoid fever Examina- 
tion revealed B typhosus in the lungs, heait’s blood, spleen, liver, kidneys 
and cerebiospinal fluid Eobinson observed a pneumotyphoid of the lobar 
type (cited by McCrae) Among fourteen cases with satisfactory cul- 
tures (cited by McCrea), typhoid bacilli in pure culture were isolated in 
two cases, typhoid and colon bacilli m two cases and these organisms with 
staphylococci in one case Eau,®^ Ortner and Glaser®® observed cases 
of pneumotyphoid with the sputum containing the specific organism 
Several other observers have noted this condition The literature in 
pneumotyphoid includes cases reported by Bruhl,®^ Castaigne,®® Viola 
Grasset,®’’ Bensis,®® Du Cazal,®® Kogawa,®° Picchi,”^ Pallet and Bourdm- 

44 Flexner Jour Pathol and Bactenol , 1895, in, 202, Bull Johns Hopkins 
Hosp IV 

45 Krokiewicz Typhushazillen im Blute und Grubei-Widalsche Reaktion 
hei Pi imie , Wien Idin Wchnschr , 1908, p 1633 

46 Napier and Buchanan Glasgow Med Jour , December, 1906 

47 Lesieur Fifevre typhoide J d4but brusque hgmatunque. Bull et m6m 
Soc m6d d hop de Pans, Feb 3, 1911 

48 Nattan-Larrier Infections 6berthienne et streptococcique, Compt rend 
Soc anat , 1902, p 827 

49 Scheib Zur Kenntnis der typhosen Nephritis, Prag med Wchnsehr , 
1902 p 257 

50 Politzer Wien med Wchnsehr , 1912, p 207 

51 Flevner Bull Johns Hopkins Hosp , 1900, viii 

52 Eau Ztschr f Heilk , Prague, 1904, xxv, 385 (Literatur uber Pneu 
motyphus ) 

53 Glaser Deutsch med Wchnsehr , 1902, p 772 (Literatur ) 

54 Bruhl Gaz hebd de m4d , 1897, No 9 

55 Castaigne Ibid , Gaz hebd de m6d , No 55 

56 Viola Gazz d osp , 1899, No 12 

57 Grasset Rev intern de m6d et de chir , Pans, 1906, xvii, 121 

58 Bensis Grbce mdd , 1907, iv, 16 

59 Du Cazal Bull et mem Soc m4d d hop de Pans, 1893, p 243 

60 Kof^awa Jikwa Zasshi, Tokio, 1907, p 248 

61 Picclii Lo Spenmentale, 1899, 1900, liii, 299 
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iere°" and Beigasse Fewer examples of typlioidal plenntis can be 
found McNaughton and Ehea,'*^ and Charm and Eoger/° have seen 
acute hemorrhagic pleuritis, Sahli/° a seious pleuritis Finley®" sum- 
marized 2,200 cases of typhoid fever and found that nineteen presented 
evidences of pleurisy He believes that this condition is induced in the 
ma^oiity of cases by the typhoid bacillus and that it is of benign 
character 

Biain — The liteiatuie on meniiigo- and ceiebro-typhoid includes a 
number of cases Fernet®® repoited one case with strabismus and exoph- 
thalmos, but no dial rhea, roseola, etc Section showed no splenic enlarge- 
ment nor intestinal lesions, but B typhosus was isolated fiom the cere- 
brospinal fluid Merkens®® noted anothei case in which the patient had 
been operated on for chronic purulent otitis media and soon afterward 
developed a temperosphenoidal abscess There was no pievious history 
of typhoid fevei Widal positive Operation and death Ho intestinal 
lesions MeCaskey and Porter,^® Gurd and Helles,^^ and Melchioi^^ 
have recorded cerebral abscesses m which t 3 ^hoid bacilli were found 
Purulent meningitis cases have been repoited by Herman and Eosen- 
burger'^® and Staubli Caussade and Phillips'^® have mentioned a case 
111 which a ‘^meningotyphus” was apparently superimposed on an old 
pachymenmgitis Berge and Weissenbach,^® Flexner, Lavenson,'^’^ and 
Herman and Eosenburger^® isolated at autopsy B typhosus from the 
cerebrospinal fluid On lumbar puncture Stuhmer '® and Schwartz’® each 

62 r.illet and Bourdini&ie Piogi&s med 1911, xwii 

63 Bergasso Bull Soc m4d clur do la DiSme, 1911, xiii, 162 

64 IMcNaughton and Rhea Jour Can Med Assn , Sept 1912 

65 Charm and Roger Presence du bacille d’Eberth dans un epanchement 
pleuial hbmorrhagique, Bull et mgm Soc m€d d hop de Pans, 1891, p 185 

66 Sahli Centialbl f Bakteriol , Ref, 1894 xvi, 651 

67 FinleA Jour Can Med Assn , Sept , 1912 

68 Fernet Bull et ni6m Soc m€d d hOp de Pans, 1891, p 361 

69 Merkens Zentralbl f Chir , 1898, p 1058 

70 !McCaskev and Porter A Case of Brain Abscess Due to Latent Typhoid 
Infection Operation Death from Cardiac Complication, Jour Am !Med Assn 
1903, \1 

71 Quid and Kelles Ann Suig, 1908, i 4 

72 Melchior Centralbl f d Grenzgeb d Med u Clur , 1911 Nos 1-2 

73 Norman and Rosenburger Purulent Cerebiospinal Meningitis Caused by 
the Tvphoid Bacillus, without the Usual Intestinal Lesions of Typhoid, Am 
Jour Med Sc , 1908 cwxv, 240 Proc Path Soc , Philadelphia, 1908, xi 52 

74 Stiubli Deutsch Arch f klin Med, 1904, Ixxxii, 90 

75 Caussade and Phillips Bull et m4m Soc m6d d hop de Pans, 1911, 
p 867 

76 Berg4 and Weissenbach Bull et m4m Soc m6d d hop de Pans 1911, 
No 30 

77 La^enson Typhoid Xleningitis -without Other Lesions Unn Penn ^Med 
Bull April 1908 

78 Stuhmer !Munchen med Wchnschr 1910 p 357 

79 Schwartz Med Rec New York Oct 29 1910 
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found the organism in one case The former summarized the literatuie 
of eight cases in which durmg life the organism had been isolated Cole®® 
has suggested that serous meningitis due to typhoid bacilli is probably 
more common than is supposed Further contributions to literature on 
menmgotyphoid have been made by Vincent/^ Bruno^® and Picchi®® 
Unusual Ahmentary and Laryngeal Lesions — Abenant typhoidal 
ulcers have been found in the mouthy fauces, pharynx, laiynx, esophagus, 
stomach, rectum and at the anus Louis was the fiist to call attention to 
esophageal ulcers in typhoid fever In Koranyds clinic, Vas®® noted in 
a series of 322 typhoid patients eight with specific pharvngeal and laryn- 
geal lesions In ten examinations Besson®* found typhoid bacilli six 
times in the tonsils In an epidemic, Cappellari®® observed five severe 
cases with characteristic tonsillar ulcers These lesions have also been 
bacteriologically studied by Bendix and Bickel ®® Mollard®'^ has reported 
a case with initial tonsillar involvement, death on the fifteenth day, 
necropsy showed numerous typical t 3 'phoidal ulcers of the intestines 
According to Levy and Gaehtgens,®® the portal of entry for the bacilli in 
some cases is doubtless the tonsils from which lymphatic dissemination 
occurs and eventually blood and intestinal infection Kimla saw a 
unilateral tonsiUar ulcer with B typhosus in the necrotic tissues 
Troullier®® has mentioned specific ulcers of the soft palate, tongue, gums 
and pharynx, and in 22Q typhoid patients he noted eighty-one with ulceis 
of the mouth and pharimx In thirty-six of fifty-one cases, Manicatide®® 
noted these ulcers fiom which the oiganism was isolated on Conradi- 
Drigalski media Maiquordt (cited by MeCrea) reported having found 
ulcers of the pharynx, palate oi tonsils in three or four cases at Ebstem’s 
clinic In a typhoid patient, ISTovotny®* isolated the paratyphoid “B” 
bacillus from a palatal ulcei While in the third Medical Clinic in 
Vienna he published statistics on laryngeal ulcers in typhoid fever He 
describes them as being smooth, lound or oval, sharply defined and 
shallow, and in the early stage with red margins The bases are yellow 
or grayish yellow and without false membrane On irritation they bleed 


80 Cole cited by McCiae Osier’s Modem Medicine, ii, 157 

81 Vincent Recherclies bactenologiques sur I’lnfection mixte pai le bacille 
typliique et le streptocoque, Bull et ni6in Soc ni6d d hop de Pans, 1891, p 5C1 

82 Piccbi La clin med , 1906, No 37 

83 Vas Pest med chir Presse, 1893, No 36 

84 Besson Rev de med , 1897, No 6 

85 Cappellari Gazz d osp , 1899, No 43 

86 Bondix and Bickel Deutsch med Wclinsclir , 1907, No 23 

87 Mollard Lyon m6d 1906, cvi, 798 

88 Levy and Gaehtgens Arb a d k Gsndhtsamte, 1908, xxviii, 168 

89 Troullier Gaz d liOp , 1908, No IS , 
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91 Novotny Wien klin Wclinscbr , 1909, xxii, Ii9 (Literatur ) 
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slightly Healing takes place without scars The points of predilection 
are the anterior pillars and the soft palate Gallois, Conrconx and 
Decobeit"^ have demonstrated B typhosiis in nasal secretions of patients 
Clifford and Moore”® have recently noted a case of bilateral cancrum oils 
complicating typhoid fever in a patient 8 years old Eecovery Keen 
has collected nine snch cases from the literature and of these, five were 
fatal In a series of necropsy records cited by McCrae in Osier’s “Modern 
Medicine/’ four out of 2,544 typhoid cases showed esophageal ulcers 
B typhosus has been found in such ulcers, but most of them are probably 
due to simple pyogenic organisms Two of these showed a diphtheroid 
esophageal membrane Stricture is a rare sequel of the condition 
Additional recent contributions to the literature on typhoidal lesions of 
the upper respiratory and alimentary tracts have been made by Blum,”^ 
Schmidt,”® Ludin”° and Kiichgaesser A case of perforated typhoidal 
gastric ulcer has been reported Chantemesse”® and Gurnard were appar- 
ently the first observers to call attention to the existence of typhoidal 
appendicitis Posselt, McCiae, Stokes and Amick”” have contributed to 
the literature Posselt,’-”” Mussat,’-”’- Mazeran,’”® Pfister,’”® von Czyhlarz’”* 
and Ortner’”® have noticed a complicating membranous enteritis 
Thue’s^® case showed ulcers at the anus 

Bone — Except for bone lesions developing during the course of 
typhoid fever these manifestations are not sufficiently unusual to justify 
their discussion McCrae (Osier’s Modern Medicine) cites a boy, 10 
years of age, who during the course of the disease developed fluctuating 
masses on the frontal bone and on one rib B typhosus was not isolated 
from the pus 

Sian — The more unusual cutaneous manifestations are herpes, urti- 
caria, erythema, erysipelas, desquamation, gangrene, purpura, impetigo 
and striae atrophicae McCrae has reported twenty cases of herpes in a 

92 Gallois, Courcoux; and Decobert Rhino pharyngite typoidique il bacilles 
d’Eberth Bull et mCm Soc m6d d hop , de Pans, Nov 28, 1902 

93 Clifford and Moore Joui Am Med Assn , 1912, Iviii, 1145 

94 Blum Semaine m6d , 1908, p 37 

95 Schmidt Ztschr f path Anat , 1907, No 15 

96 Ludin Ueher den diagnostisclien Wert der typliosen Gaumenscliivure, 
Corr -B1 f Selnveizer Aerzte, 1910, xl, 751 

97 Kirchgaesser Munclien med Wclinschr , 1911, No 23 

98 Cliantemesse Trait6 de m6d Fihvre typhoide 

99 Stokes and Amick T-splioid Appendicitis without Other Intestinal Lesions, 
Bull Johns Hopkins Hosp , 1905 xvi, 284 

100 Posselt Ergehn d alleg Path , 1912, i, 323 

101 Mussat Bull Soc m6d de Reims, 1899, i 354 
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103 Pfister Deutsch med Wclinschr , 1906, p 1285 
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senes of 1,500 typhoid cases Zinn^o® found them in ten of 190 cases 
Among others, Kiokiewicz and Wenzke have published case lepoits 
Urticaria was obseived by MilleU®^ in two out of 150 eases Murchison^®® 
was the first to call attention to the similarity of eiythematous eiuptions 
in typhoid fever and scarlet fever Hutinel,^®® Paikei^^® and Eichon- 
Hanns^^^ have repoited cases Some no doubt are combined infections, 
such as have been obseived by Gaiton,"^ Caigei,”® Payne,“^ Griffiths, 
Sequeira Cosgrove,^^’^ Coombs,^^® Gabe’^^® and Tissot Erythema 
nodosum ivas noted by Osier Singer’^®® has obseived an acne-like 
eiuption, Eggleston’^®® a pintular and Higgins^®^ and Osler^^^ a pemphi- 
goid eruption The coexistence of measles and typhoid has been obseived 
by Pingei,^®® Eingwood,^®® Chiystie,^®^ Matiegka^®® and Da Costa Eol- 
leston’®° saw a 10-yeai-old boy, who, on the fourteenth day of tjqihoid 
fever, showed desquamation over the thoiax, abdomen, thighs, heels and 
toes, some of the desquamated pieces being the size of a shilling A case 
of exfoliative dermatitis has been reported by Diehl Some of the blebs 
were as large as a half dollar AppianP®^ observed several eases of 
general desquamation and summarized the literature Simmons,^®® 
Uicliolls,^®® Hughes and Lev)'-,^®* McCrae, Liebermeister, Uskms, Curscli- 
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maun, Eiessinger and have Trritten on hemorrhagic syndromes 

(^Tiemoiihagic pntiid typhoid'^ — Fiench) early and late m typhoid fever 
Gangrene of the skin has been noted by Tanpin,^^® Haie and Beardsley,^®" 
Jaeohi^^® and Abt A Series of such cases has been desciibed by 
McFarland and Stahl Biysipelas was found by Liebermeister^^" in 
ten of 1,420 typhoid cases , in ten of 500 cases, by Griesinger Among 
others, Fieudenbeigei,^^^ Potain,^^'^ Tliielmann,^^® Berthoud,^^'^ Mar- 
tine,^^® Armiex,^^'’ and Hare and Beardsle}^^^'^ have reported cases of 
erysipelas Wilks^’’® was the first observer to describe patellar striae 
Bradshaw,^®^ Shepheid,^®^ Troisier,^'^^ Northrup,^'^^ Fischei,^®'^ Hobner,^^’® 
Duekwoith,^'^'^ Kaposi,^®® Gublei,^'^” Bouchaid,^®° Honne,^®^ Barie,^®^ 
Langer,^®® and Bunclfi®^ have noted the condition The most frequent 
site of these lesions is the patellar region and more rarely over the 
anterior surface of the lower third of the leg, over the abdomen and ovei 
the arms and fingeis Phillips^®® has summarized 1,230 typhoid cases 
from the Lakeside Hospital, Cleveland Herpes weie seen in 12 cases, 
urticaria in 21 cases desquamation in 83 cases, ei 3 fihema in 7 cases, 

135 Fiessinger and Weil Rev de med , x\x;ii, No 9 

136 Taupin Joui d Con mdd -chii , 1839, No 7 

137 Hare and Beaidslej' Typhoid Fevei and Exanthemata, Ed 2, 1909, pp 
177, 253 

138 Jacobi Aich Pediat, Dec 15, 1899 

139 Abt Joui Am INIed Assn , 1901, xxxvii, 445 

140 McFailand Quoted by Hare and Beardsley, p 179 (Note 134 ) 

141 Stahl Quoted by Hare and Beardsley, p 178 (Note 134 ) 
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purpura in 6 cases, pemphigoid eruption in 4 cases, erysipelas in 2 eases, 
impetigo in 1 case, striae patellares, in 1 case In the last mentioned 
there were 42 transverse striations over the patellae and lower third of 
the legs 

DUAL INFECTIONS 

The coexistence of miliary tuberculosis and typhoid fever was observed 
by Meunier’^®® in an 8-year-old boy in whom a generalized miliary tuber- 
culosis was present without evident typhoidal lesions, nevertheless B 
typhosus, as well as B tuberculosis, was isolated from the spleen, pleural 
fluid and lungs Griffon^® has reported a case of mixed mfection with a 
streptococcus isolated from the bronchial pus, spleen, gall-bladder and 
bone-marrow together with B typhosus from these organs A case of 
endocarditis was reported by ISTattan-Larrier,^® who isolated a strepto- 
coccus and B typhosus from the heart’s blood and spleen, and the former 
from the miliary abscesses in the kidneys Vincent’^®’^ isolated the same 
types of oiganisms from the spleen, liver, kidneys and heart’s blood m a 
case without mtestinal lesions Typhoid fever has coexisted with various 
other infections, such as diphtheria, scarlet fever (Fournier), measles, 
malaria, small-pox, chicken-pox, whooping-cough, etc 

INFANCY AND CHILDHOOD 

Typhoid fever in early life, according to some writers, is likely to 
assume a septicemic form and to present no typical intestinal lesions 
The disease is certainly more common at this period of life than was once 
supposed There appears to be a tendency toward localization of lesions 
in the lungs and central nervous system GriflBth and Ostheimer^®® 
have reported on twelve congenital cases Sacquepee and Chevreh®® 
noted two cases in patients 3 and 4 years old, without involvement of the 
bowel, with agglutinations 1 200 and 1 300 and with B typhosus from 
the heart’s blood A 16-months-old child with suppuration of both 
parotids was observed by Goldberger Halbron and FTandroF'^^ have 
reported a case of a 5-year-old boy with ambulant typhoid and perfora- 
tion Bairett^"^ observed a 2-year-old child with intestinal hemorrhage 
and remittent fever, but no roseola nor splenic enlargement There were 
symptoms of meningitis Additional cases of typhoidal septicemia with- 
out intestinal involvement have been reported by Cheadle, Bryant, Guiz- 

166 Meunier Bull et mSm Soc in§d d li6p de Pans, 1897, p 476, Semaine 
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zetti, Opie and Bassett, Lazaius-Barlow/'® Luckscli/"'^ Kibadean-Dumas 
and Bove/'^° and Schottmnller 

TRAUMATISM 

Tins has been suggested as an important predisposing factor in 
typlioidal suppniations. Seiler^^’’ has presented a dissertation on post- 
tranmatic typhoidal peritonitis and Sennert/'® on liver abscess as a 
sequel of trauma The case of Sergent and Bernard^^'’ developed a 
typhoidal meningitis, according to the observers, after a bullet wound in 
the head Gurd and Nelles'^ reported the case of ceiebral abscess pre- 
sumably developing in consequence of a head injury The abscess was 
said to be of typhoidal chaiacter Barjon and Lesieur^®° have piesented 
a case of ^^rthrotyphus” succeeding ^Theumatism,” when tiauma possibly 
played some pait 

AGGLUTINATION REACTIONS 

At times a moderately strong typhoidal agglutinating blood-serum is 
observed when thb individual obviously piesents no clinical evidence of 
typhoid fever One of five possibilities may exist (1) an infection with 
some other organism of the typhoid-colon-dysentery group, (2) a 
typhoidal infection of ^'extra-intestinal type”, (3) a recent typhoidal 
infection, (4) a lecent prophylactic vaccination, (5) “typhoid carrier” 
Positive serum agglutinations with typhoid bacilli have been reported in 
miliary tuberculosis, pneumonia, sepsis, etc , but a previously existing 
tjq)hoidal infection probably accounts for most, if not all, of these 
Symmers and Wilson^®^ have leported a case of epidemic cerebrospinal 
meningitis having a Widal positive 1 200 Theie was no previous history 
of typhoid fever Necropsy showed no intestinal involvement and bac- 
teriological examination of spleen, mesenteric nodes and urine was nega- 
tive Meningococci in pure culture isolated from meninges Stelker^®- 
lepoited anotliei epidemic meningitis case with a Widal positive 1 100 
Beckei and Euhland^®® have made further reports 
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THEOMBOPHLEBITIS 

Though not an unusual lesion of typhoid fever, thiombophlebitis 
bears mention in this place One of the most recent and exhaustive 
summaiies of this condition has been published by Connor^®^ in a study 
of eighty-two cases He states that the condition is more common than 
IS supposed (10 to 15 pei cent of all cases of typhoid fever), that it is 
gradual in development and that it is more extensive than the symptoms 
would indicate He believes that most pulmonary and pleural complica- 
tions late in Ij'^phoid fever are due to embolism of the pulmonary arterj^, 
that obscure, late, reeuriing chills aie regularly associated with venous 
thiombosis, and that “tender toes” in the majority of cases are caused 
by thrombophlebitis 

Lesions of the intestines, mesenteiic nodes and spleen weie absent in 
those cases reported by Lazarus-Barlow, Pick,^®® Piechi, Barjon and 
Lesieur and Vanzetti Unusual splenic enlargement was noted by 
Hicholls and Keenan,^®® Bozzolo,^®^ Karlinski,^^ Doglietti,^® GuizzettP® 
and Blumenthal An unusually small spleen (one-half normal) was 
reported by Eoscoe Monroe and Campbell’s^® case showed perisplenic 
abscess, Picchi’s and Blumenthal’s cases, renal infarcts In the cases 
without intestinal lesions, “pea-soup stools” were observed by Hoden- 
py2,i89 Blumenthal, Jores^®® and Posselt In the same class of cases, B 
typhosus was isolated from the stools by Hodenpjd, Pick, Bobbio, Gen- 
nari,^®^ Farcy,^®^ Etienne and Thiry This organism was isolated fiom 
the mesenteric nodes by Lartigau (also B coh), Bryant, Nicholls and 
Keenan, Banti,^®® ChiaiP®* and Vestennk^®® 

A review of the literature reveals a large number of cases classified 
as atypically typhoid, but m many of these the diagnosis of lesions was 
not established bi'^ bacteriological examination Many cases have been 
published as primary typhoidal gall-bladder infections in which it seems 
probable that a pieviously existing infection left the patients as “car- 
iieis ’ nevertheless, many writers, among whom are McCrae, Phillips, 
Luksch, Chiari, Brion, Keyser and Posselt have laid emphasis on the 

184 Connoi The Aechives Int Med , 1912, x, 534 

185 Pick Wien klm Wchnschr , 1897, p 82 

186 Nieliolls and Keenan Montreal Med Jour , 1898, xxvii, 9 

187 Bozzolo Tenth Internat Med Congress, Berlin, 1890, n, 188, Wien med 
Wchnschr , 1890, p 226 

188 Boscoe Lancet, London, Oct 16, 1909 

189 Hodenpvl Brit Med Jour, 1897, p 1850 

190 Jores Munchen med Wchnschr , 1911, p 1247 

191 Gennari Gazz d osp , 1907 

192 Farcy These de Pans, 1909, No 267 

193 Banti Kiforma med 1894, x, 674 

194 Chian Ztsehr f Heilk , Pi ague, 1897, xviii, 471 

195 Vestennk Soc d microh de Saint Petersburg, 1904 



W T CUMMINS— P K BROWN 


369 


fact that typhoid infection without intestinal lesions is a veiy rare con- 
dition In twenty years at the Institute of Pathological Anatomy at 
Innsbruck, von Hibler failed to note a case In 1899, Howard® collected 
from the literature 161: cases of tj'plioidal infection (including mixed 
infection) without intestinal localization During the same year 
McPhedran^®® published a summary of twenty cases In 1912, in 
Lubaisch and Ostertag’s “Ergebnisse dei allgemeinen Pathologie,” 
Posselt presented an admirable review of the literature, and states that 
only 63 cases fulfill the lequirements of accuiate bacteriological 
examinations 


Primary typhoidal septicemia 28 

(Mixed infection, including tuberculosis) 7 

Primary typhoidal meningitis 3 

Primal y typhoidal affections of the lungs 2 

Piimary typhoidal affections of the pleurae 1 

Primary typhoidal affections of the spleen 3 

Piimary typhoidal affections of the kidneys 2 

Primary typhoidal affections of the 30 ints 1 

Primary typhoidal affections of the livei and bile ducts 16 


63 

On reviewing the leports it is quite evident to us that the liteiature 
contains many incomplete and inaccurate observations, but the above 
table evidently does not include a number of authentic reports 

As to the nomenclature, the German and Piench writers have made 
much use of the terms, meningo-typhoid (^hneningotyphus”), pneumo- 
t}qihoid (^‘pneumotyphus”), etc It has been suggested that the terms, 
as indicated in the above table, should be employed Howevei, the 
foreign terms have been employed with broader significance so as to 
imply not necessarily a primary lesion without intestinal involvement, 
but to emphasize in geneial a dominant or unusual lesion in a case 
otherwise piesentmg the classical evidences of typhoid fever 

SUmiAUY OF CASES 

The following lepiesents a summary of cases at the Southern Pacific 
Hospital, San Piancisco, and others seen in private practice and con- 
sultation, illustrating atypical conditions and complications Among 149 
patients treated at the new liospital since its opening in September, 1909, 
there have been 11 deaths — 7 3 per cent , with meningitis, chronic neph- 
ritis and puiulent appendicitis, each 1 case, intestinal hemorrhage, 2 
cases, perfoiation and possibly embolism, each 3 cases There were 3 
paiat3^phoid cases Eelapses developed in 9 cases of Avhich one appeared 
as late as four week^ aftei leaving the hospital The longest febiile period 
of relapse vas thiit}’’ days and the shortest, nine da3"s One patient de\ el- 

196 AlcPbedrn.n Can Tour of Jled and Surg Toronto 1899 m 2jI Plnla- 
dclpbia Med Jour 1900 i 543 
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oped a second attack of typhoid fever after a six-year interval The 
earliest intestinal hemorrhage occurred on the third day Two cases 
iveie fatal and of 11 others, 4 were severe and 7 were mild Pleurisy 
with effusion (organism?), meningitis and pneumonia {B typhosus), 
neuritis in leg, neuritis in shoulder, periostitis of tenth rib and per- 
forating duodenal ulcer were each noted in one case The ulcer patient 
was opeiated on on the twenty-ninth day, but the lesion was not deter- 
mined as typhoidal Two patients presented an initial appendicitis, the 
operation being followed by the development of typhoid fever Another 
patient during the course of typhoid infection developed the sjmiptoms of 
perforation, operation was performed and a ruptured appendix was 
disclosed Phlebitis of the leg developed in 7 eases, and of these there 
were 4 in the second week, 2 in the fifth week and 1 in the third week 
after discharge Thrombosis or embolism was suspected in the lungs in 
4 cases and in the mesenteiic veins in 3 cases These occurred from the 
sixth to the thirty-fifth days, and were not severe, except in 2 cases 
of pulmonary embolism One patient died promptly, and the other, 
occuiiing on the thirtieth day, resulted in gangrene from which the 
patient was convalescent on the one hundred and ninety-first day Chills 
and fever were noted in 13 cases of which phlebitis of the leg was the 
etiological factor in 3 Malaria may have been a factor in another case 
Chills occuried during the first week in 4 cases, second week in 2 cases, 
third week in 4 cases, fourth week m 2 cases and sixth week in 1 case 

In California and Nevada, 47 cities and towns furnished typhoid 
cases San Francisco, 17 Sacramento, 14, Oakland and Alameda, 13, 
Bakersfield, 5, Sparks (Nevada), 25 

Additional cases aie quoted in brief to illustrate certain of the 
complications, two cases of hemorrhagic foi m being especially uncommon 

Typhmdal CholecysMis — P F , male, aged 40 years, had an afebrile period 
of one week following typhoid fever Then developed chilly sensations, epigastric 
pain, muscular spasm, tenderness in right hypochondrium, slight jaundice, nausea 
and vomiting Leukocytes, 6,000, neutrophils, 60 per cent Within a few days 
distinct tumor of the gall-bladder elicited, but this had subsided at the end of 
a week Highest temperature 103 P Duration of attack eighteen days Three 
yeai s later there had been no further gall bladder symptoms 

Thromhosis of Mesenteric Vessels — J D C, male, aged 40 years, was seen 
in the fifth week of typhoid fever His general condition had been excellent 
thioughout the course of the disease During the last ten days there had been 
successive ciops of “rose spots” over the abdomen and back On examination 
the abdomen was found to be tympanitic and there was especial distention in 
the rmht lower quadrant Tenderness had been present in this region for some 
time, according to the previous examiners There was no dulness in the flanks 
Spleen reached to the costal margin Diagnosis — Probable thrombosis of mesen- 
teric vessels though condition of relapse was considered Perforation and com- 
plicating appendicitis were eliminated 

Venous Thrombosis— B E W, male aged 20 years A probabk relapse was 
considered The usual course of typhoid infection was succeeded by an afebrile 
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peiiod of seven days Kise of temperature then de\ eloped, lasting four days, 
dunng which time he was seen hy one of us (P K B ) Blood count indicated 
a late typhoidal condition and no pyogenic complication A probable relapse 
was considered Temperature fell and remained normal for seven days, through- 
out which time he had a profuse diarrhea, most severe the last two dajs Then 
a sudden rise of temperature to 104 F appeared, followed hy collapse (96 F ) 
The pupils weie widely dilated, extiemities cold and clammj, and there weie 
piofuse sveats, veiy feeble low tension pulse of 80 to 90, respirations 20, no 
evidence of peiforation Strychnin and salt solution were administered with 
good results Duiing the next five days he had six similar collapses, often sud- 
den in onset Pulse did not become rapid, but extremely slow and feeble Eespi- 
lation shallow No unconsciousness Intravenous or subcutaneous salt solution 
injections were most effectual No especial abdominal tenderness Diagnosis — 
Probable thrombosis 

Jlemoiihagic Typhoid — (1) C B E, male, aged 21 years “Bose spots’ 
appeared on the sixth day and positive Widal on the seventh Several intestinal 
hemorrhages on the ninth day with hematuria and generalized puipura On 
the third day bleeding from nose and gums Death on the twenty-eighth day 

( 2 ) J M G , male, aged 36 years Seen in the third week of typhoid fe^ ei 
Widal positive on the tenth day Usual course duiing first tvo weeks On the 
sixteenth day a laige number of small subcutaneous hemorrhages over back fiom 
tiansveise process of scapula to level of sacrum Small crop covered upper 
part of buttocks During the third week patient had hemoriliage from nose, 
stomach and intestines Pulse 104 to 120 Very lestless Calcium salts adminis 
tered pei rectum in small doses Died the following morning 

To the subject in hand no words are more fitting than those of 
Muichison relative to typhoid fever ^‘There is no disease, in fact, which 
exliibits a more protean character, from predominance of certain sj'mp- 
toms, and fiom the piesence of complications” 
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NEW YOBK 

The pill pose of the exjieiiments reported in this paper is to determine 
whether it is possible for a protein to be absorbed through the epithelium 
of the gastro-intestinal tract and appear in an unaltered form in the 
circulating blood This question is not a new one m the physiology of 
digestion It has been studied by many workers who have employed a 
variety of experimental methods Most of the experiments now quoted 
in the literatuie were made befoie the biological specificity of protein 
was recognized It is obviously impossible to distinguish sharply between 
closely allied animal proteins by purely chemical reactions, such as the 
measurement of the content of nitrogen^ phosphorus^ sulphur;, or by 
means of the salting-out methods The newer biological methods, such 
as the precipitin and anaphylactic reactions, have a high degree of 
biological specificity, and enable one to distinguish sharply between 
proteins so closely related as the blood-serum proteins of the horse, beef 
and sheep, and enable one to distinguish each protein in the presence 
of others It is now possible, therefore, by means of these leactions to 
trace a protein through the intestinal tract into the circulation, to 
identify it there as an unchanged protein, to determine the length of 
time it remains m the circulation, and after its excretion by the kidnev 
to identify it in the urine Because the anaphylactic reaction is so 
sensitive, and because a positive reaction can be so sharply distinguished 
from a doubtful or negative reaction, it has been used almost exclusively 
in the experiments which are herein reported 

When the protein-splitting action of the digestive ferments was first 
discovered it was thought that the primaiy cleavage products, proteoses 
and peptones, were the form in which protein entered the circulation 
These substances are soluble and diffusible, and because they may pass 
through parchment membrane they were believed to be absorbed in this 
foim into the circulation Further experiments showed, however, that 
these substances when introduced directly into the blood were highlv 
toxic,^ and examination of the blood-serum after a heavy protein meal 
did not show an increase m the proteoses ” In fact, recent experiments 

^From the Department of Experimental Therapeutics, Cornell Unnersity 
Medical School 

* Submitted for publication July 8, 1913 

1 Underhill Am Jour Physiol , 1903, xx, 345 

2 Howell Am Jour Physiol, 1906, xvii, 273 
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sliow “iDioteoses oi peptones are not fonnd in tlie blood, even in the 
poital blood, collected duiing the peiiod of maximal absorption fiom 
the intestines 

It must be remembered that the blood-serum pioteins have a biological 
specificity, then character does not appieciahly change with the chaiactei 
of the diet Eegardless of whethei the piotein in the food is vegetable 
or animal in chaiactei, the hlood-seium pioteins have a constant com- 
position The more recent investigations of the cleavage action of the 
digestive enzymes indicate that the splitting noimally pioceeds much 
faither than was originally believed, and results in the formation of a 
variety of amino-aeids fiom which piotein may be synthesized either by 
the absorbing epithelium or hy other tissues, possibly the livei, after 
then entrance into the ciiculation In fact, theie is conclusive evidence 
that amino-acids aie constantly present in the circulating blood" It is 
belieied, therefoie, by the majoiity of physiologists at present that the 
protein taken in the food is reduced by the process of digestion to the 
small constituent amino-acids, the so-called ^austeine,” which aie 
absorbed as such and resynthesized into protein, either by the intestinal 
epithelium before reaching the ciiculation, or by other tissues after the 
absorption is completed ® However, further recent experiments indicate 
that not all of the amino-acids so formed are used at once for protein 
synthesis in the manner described ^ It is well known that the majority 
of animals take more protein in the food than is required to replace the 
waste in the tissues Nitrogen equilibrium may be maintained at a much 
lower level than the protein intake ordinarily provides It is believed 
that a considerable proportion of the amino-acids absorbed after a protein 
meal are broken down still fuithei, and quickly eliminated, giving use 
to the increased nitrogen output which promptly follows nitrogen con- 
sumption In this theory there is no place for the assumption that 
soluble protein may be absorbed directly without this preliminary 
cleavage It must not be overlooked, however, in the light of recent 
knowledge, that comparatively insignificant amounts of foreign protein 
may give rise to disturbing and serious manifestations if it gains access 
to the circulation in an unaltered condition The amount of nitrogen 
which, in the form of an alien protein, may cause toxic reactions 
menacing the life of the animal is so small as to be bej'ond discos eiy by 
the methods commonly followed in measurmg the energy exchange 

It vas formerly believed that a paienterally introduced protein could 
not be utilized in the piocesses of nutrition either as a source of nitrogen 
01 oi eneigi It was supposed that such protein was immediatelv 

3 Haiiimerston-!^Inudel Text Book mOO p 412 Abdcrhalden Text-Book mos 
pp lia and 532 

4 Tohn Otto Am Jour Plusiol laOo \ni 117 
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excreted by the kidney New light has been tnined recently on this 
problem by a number of investigators who have demonstrated that the 
older ideas are incorrect, and that a considerable portion of such protein, 
the percentage varying with the character of the protein introduced, may 
be utilized One may not conclude, therefore, that because no gross 
quantity of foreign protein appears in the urine after it has been taken 
as food that none of it has been absorbed as unchanged protein directly 
into the circulation 

The evidence now quoted in the literature to substantiate the claim 
that protein may be absorbed without digestion is with few exceptions 
based on two lines of argument, neither ot which gives a positive demon- 
stration that the same identical protein which is introduced into the 
intestine finally appears m the ciiculation 

1 The first of these arguments is based on the fact that parenterally 
intioduced protein is not all excreted as such, but is available in some 
degree for the nutritive requirements of the organism 

2 The second is based on the fact that if certain proteins be intro- 
duced into a loop of the intestine or into the colon by rectum and allowed 
to remain thei e for varying lengths of time, not all of such protein can 
be recovered by thoroughly washing out the experimental loop 

The first method of reasoning was followed by Munk and Lewan- 
dowsky,® who mjected casein, egg albumin, acid and alkali albuminates, 
nucleopiotems and gelatin directly into the circulation and found that 
not all of the protein so mtroduced was excreted in the mine As one 
conclusion of these experiments they claim to be the first investigators 
to demonstrate that protein enters unchanged from the intestinal canal 
directly into the ciiculating blood Such a conclusion from such evidence 
is obviously pure assumption Numerous other experiments have con- 
firmed then findings with respect to the partial utilization of paienterally 
intioduced protein, but, obviously, such evidence does not prove that 
protein passes through gastro-intestinal epithelium unaltered 

The second method of expeiimentation has been employed by many 
investigators The evidence which they offer proves beyond doubt that 
native protein may disappeai from a section of the intestine even though 
digestive enzymes cannot be demonstrated to have any part in the process 
It IS assumed that because proteins disappear and because no piotein- 


6 Munk and Le^\ando^vsky Arch f Anat u Physiol, Suppl Vol , 1899, 
T) 73 Cramer Brit Jour Physiol , 1909, xxxvii 146 , Oppenliemiei Hof- 
meisteVs Beitr z Chem Phys u Path, 1904, ia 263, Heilner Ztschr f Biol, 


7 Fiiedlandei Ztschr f Biol , 1897, xxxiii, 264 Czerney and Latschen 
heJer Virchows Arch f path Anat 1875 lix, 161, Eichherst Pflugers Arch 
f d^ <res Physiol, 1873, iv, 570, Voit and Bauer Ztschr f Biol, 18/1, v, 536, 
Mendd and Bock;ood Am Jour Phv-ol , 1904, .n, 336 
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Splitting enzymes can be demonstrated in the loop, that the protein has 
been absorbed imchanged This is an obiious conclusion, but one not 
satisfactoiily demonstrated 

Probably the first attempt to make a direct demonstration that 
unalteied alien protein may appear in the blood alter its introduction 
into the gastio-intestmal tract was that of Ascoli and Vigno,® who 
employed the precipitin reaction as a method of identification These 
men experimented entirely with dogs They collected lymph from the 
thoracic duct and blood fiom the jugular vein after egg white and 
coagulated fowl meat had been introduced into the stomach through a 
tube They found that the serum from such animals did not give 
uniformly constant precipitin reactions with the immune serum, but 
their reactions were sufficiently constant and sharp to force them to the 
conclusion that the foreign protein may be absorbed through the stomach 
either in its native condition or so little modified as not to interfere with 
its biological reactions These experiments have been widely quoted in 
support of the view that undigested piotein may pass through the 
intestinal epithelium unchanged, but they leave the matter still in 
doubt as to whether the native protein itself or one of its primary 
cleavage products was the substance actually identified in the blood 

The accuracy and reliability of the experiments herein reported 
depend on the anaphylactic reaction as a suitable method for identifying 
the protein The studies of Wells” and Wells and Osborne^” afford 
paiticulaily convincing evidence of the suitability of this reaction for 
this purpose In a recent paper they haie summarized the information 
as to the specificity of the anaphylactic reaction, and Wells has deter- 
mined to what extent the processes of digestion so alter a protein as to 
destroy its specific character as an antigen It does not seem necessary, 
in view of the excellent summary which is given in their paper, to 
review this matter in detail The earliei conclusions of Eosenau and 
Andeison^^ in regaid to this niattei have not been materially modified 
by recent work They summarize their conclusions with respect to the 
specificitj’- of the anaphylactic reaction as follows 

Ihe anaphylactic leaction in the guinea-pig, therefore seems to be specific 
in the sense that the precipitins are specific Tliat is, theie is a group reaction 
in the proteins of allied species but no icaction beti^een the proteins of iMdeh 
diffeient species or beU^een proteins of Avideh dilTerent oiigin 

The testimony of all in^ estigators is agreed that, with few exceptions, 
notably the protein fiom the crystalline lens, there is a species specificit}' 

S A«coli and Vigano Ztschr f plnsiol Chem 1904, xxxix 2S3 

9 Wells, H Gideon Jour Infect Dis , 1909 vi, 500 190S \ 449 

10 Wells and Osborne Jour Infect Dis 1911 mii, GO 

11 Hoscnau and Anderson Jour Infect Dis 190S, iv 552 
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to protein whicli may be sharply identified by means of the anaphylactic 
reaction Wells^^ has carried the matter somewhat further in particulai 
cases, and has demonstiated that within a given species theie is a 
specificity which enables one sharply to distinguish proteins Foi 
instance, in a recent work he has demonstrated that 

In lien egg-white there are at least four antigens (three in the coagulable 
protein and one non coagulable) which can be distinguished by the anaphylai^is 
reaction, and therefore are biologically distinct fiom one another, although 
coming from a single secretion At least one other protein of the egg, the 
ovovitellin, can he differentiated from the other tin ee egg antigens, so that we have 
here demonstrated five antigens in the egg which are biologically distinct in spite 
of a common origin These must be looked on as evamples of chemical specificity 
independent of species specificity The antigens distinguished by the anaphylavis 
reaction seem to correspond to the pioteins which have been distinguished by 
chemical means 

Besides our own expeiiments, those of many otheis confirm the 
pimciple originally discovered by Bosenau and Anderson that guinea- 
pigs may be sensitized to a number of proteins at the same time and 
react to each separately Bosenau and Andei son’s obsei rations are as 
follows 

A guinea-pig sensitized v itli milk, egg white, and horse serum, either 
together oi separately, will react with each of the tliiee fluids given in the senes 
The blood of such a triply sensitized animal when injected into other animals 
will likewise render them passive^ sensitive to all three “ 

It must be evident from this work that no method compares with 
anaphylaxis as a means of sharply distinguishing closely allied proteins 
For the purpose of the experiments which form the basis of this paper, 
it IS important to note that the digestion of protein seriously interferes 
with its giving the anaphylactic reaction The most conclusive evidence 
on this point is afCorded by the experiments of Wells,’^* who found that 
traces of coagulable protein remained after sixteen months’ digestion 
with trypsin and that such almost completely digested protein would still 
sensitize to the homologous antigen, but only when very laige doses were 
given, and even then the sensitization was so mild as not to give a fatal 
result He states that 

Pepsm-HCl digestion of egg albumin destroys its sensitizing and intoxicating 
properties lery slowl 5 ’-, the former existing to a slight degree even after coagu 
lahle protein cannot be longer demonstrated Conversion of egg albumin into 
acid albumin somewhat impairs, but by no means destroys, its powers to sensi 
tize guinea pigs to egg albumin and to intoxicate pigs that have been sensitized 
with egg albumin 

He found, also, that as determined by the anaphylactic reaction 
seium is much more resistant to tryptic digestion than egg albumin 


12 Wells Jour Infect Dis 1911 ix, 147 

13 Rosenau and Anderson Jour Infect Dis 

14 Wells Jour Infect Dis , 1909, vi, 506 
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The loimation of acid albumin is, lio-wevei, probably not accompanied by 
any considerable change of the molecule, and although such a piocess 
may be considered to be the fiist step to protein digestion, it is not to be 
compaied with the cleavage action of the enzymes which bieak up the 
piotein molecule into the vaiious pioteoses and amino-acids These lattei 
substances aie to be consideied as the tiue products of digestion in the 
gastio-intestinal tiact, and Wells’ experiments demonstrate that these 
substances 

]ia\e no powei to sensiti/e oi intoMcate guinea pigs, ■\\lietliei used in conjunction 
with themselves oi with undigested egg white To quote fuithei 

These e\pei iinents indicate that pioteins cannot be decomposed much, if anj, 
hevond the coagulable form without losing their anaphj lactic pioperties For 
the anaphylaxis leaction ve must have intact piotein molecules in soluble form 
Possibly theie exists a stage iiitei mediate between the entire piotein molecule 
and the oidinaiy proto- and duetei o-proteoses, i\ith which anaph-^laxis can be 
pioduced, foi coagulated proteins digested with either pepsin oi trypsin show 
at ceitain stages a slight power to sensitize animals to egg albumin, but the 
pover IS ^ery slight 

In the course of the expeiiments tv Inch are detailed below, the absoip- 
tion of a vaiiety of proteins has been tested — egg-white, milk, beef seium, 
horse seium and edestin They have been intioduced into the intestinal 
tiact in some instances by means of the stomach-tube, oi by hypodeimic 
injection thiough the intestinal wall, in othei cases into the stomach 
which had been ligated at both eaidiac and pyloiic ends oi into ligated 
loops of the intestine, and in still othei s into Thiiy-A^ella fistulae, which 
weie made in dilfeient poitions of the intestine It will be seen that 
both animal and vegetable proteins have been tested in normal conditions 
of absoiption and in conditions in which some degree of impairment of 
digestive function may be piesumed to exist 

A pielimmaiy papei^'^ has alieady been published giving the details 
of some of the eailiei experiments, and fiom this paper such quotations 
will be made as have important beaiing to the latei work The hist 
point determined in the earlier paper was the question as to whether a 
foieign piotein, egg albumin, could be injected directly into the circu- 
lation of a dog and lemam theie for several hours in such form that its 
pieseiice could be detected by means of the anaphylactic leaction Tlie 
details of one of these expeiiments is quoted as follows 

A bealtbv dog vas pi iced in a cage foi a fev davs for obsemtion and to 
obtain samples of urine The animal v as found to be veil ii. all lespects and 
the uiine free from albumin Under iiiorplnn and cocain tnesthesia tbe jugular 
a cm Mas aspirated and 100 c c of blood drawn to obtain normal sennn lollow- 
ma tins piocedmc 20 cc of an egg albumin solution prcpaied as follows was 
injected into tlie aeiii Tbe whites of fresh eggs were thoronghli broken up and 
diluted with an equal aoliime of salt solution The solution filtered through 
piper w IS iead\ foi use Fifteen minutes after the albumin was mjectrd 20 c c 

11 Van AlstMie and Giant Tour Med T{e=earch 1011 xx\ "00 
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of blood was withdrawn, and again at four hours, forty-eight hours, and seventy- 
two hours after the injection a further quantity was withdrawn The serum 
from this blood was allowed to separate and kept for sensitizing purposes The 
urine was collected daily and examined for albumin, and a portion of it kept 
for sensitizing purposes 

Guinea-pigs were sensitized with the serum and urine obtained as outlined 
above, the sensitizing dose varying from one-tenth cubic centimeter for the first 
twenty-four houis to five tenths cubic centimeters for the seventy -two houi 
period One cubic centimeter of the urine was used for the same purpose The 
sensitizing dose of serum was given subcutaneously and, after an appropriate 
period, in no case less than ten days, an intoxicating dose of the egg albumin 
solution, 2 5 or 3 c c , was given intraperitoneally 


TABLE 1 — Anaphylactic Reaction in Guinea-Pigs Pboduced by Blood and Ubinaey PBOTEI^s 

EBosi Dogs with Thiby-Vella Pistulae 


O ° 

^ O 

No of 
Guinea- 
Pig 

j 

Fistula 

Substance Used for 
Sensitizing Dose 

Toxic Dose 

675 

273 I 

Middle of small 
intestine 

Serum drawn before 
albumin in fistula 

Egg albumin 

675 

300 

Middle of small 
intestine 

Serum draavn one 
hour thirty mins 
after albumin in 
fistula 

Egg albumin 

646 

i 

333 

1 

i 

Eight inches below 
duodeno jejunal 
fossa 

Serum drawn three 
hours after albu- 
min in fistula 

Egg albumin 

667 

i 

612 

1 

Eight inches from 
cecum 

Serum drawn one 
hour forty min 
after introducing 
albumin in fistula 

Egg albumin 


354 

Eight inches from 
cecum 

*Albumin from urine 

Egg albumin 

1 

327 

Eight inches below 
duodeno jejunal 
fossa 

Urine from twelve to 
twenty-four hours 
after albumin in 
fistula 

Egg albumin 


Results 


No symptoms 

Severe symp 
toms Recovered 


Severe symp 
toms Recovered 

Dead in forty 
five minutes 


Marked symp 
toms Recovered 
Severe symp 
toms Recovered 


* This pig was sensitized by giving him the protein obtained by one half saturation of the urine 
with ammonium sulphate 


The results of this Ime of experimentation show that the serum of the dog 
to which the albumin was given intravenously was capable of sensitizing guinea- 
pigs to the subsequent dose of egg albumin The egg albumin, therefore, was 
not immediately excreted or fixed in the tissues, but remained in the serum for 
at least three days in such concentration that five-tenths cubic centimeters of 
serum would sensitize a pig to a slight degree 

The egg albumin must have been excreted in the urine, for qualitative tests 
made of Gie first twenty-four-hour urine showed a small amount of albumin, and 
a pig sensitized with 1 c c of it gave a severe anaphylactic reaction 

All of the experunents in winch dogs with a Thiry-Yella fistula were 
used have been published m a preliminary paper and the essential facts 
in these experiments wiU be quoted The fistulae were made in three 
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different positions of the intestine (1) Just helo-w the duodeno-jejunal 
junction, (2) about the middle of the ileum, and (3) lou^ down in the 
ileum In the accompanymg table (Table 1), which is condensed from 
the published prelimmary paper, are given the experimental details and 
results obtained with those animals 

It does not seem possible to avoid the conclusion that the egg albumm 
had passed from the fistula into the circulation without alteration These 
fistulae were made at a pomt m the intestine where the possibility of the 
foimation of acid albumin is ruled out It is not contended that these 
intestinal loops contained no digestive ferments or that a portion of the 
protein may not have been digested before absorption The evidence is 
positive, however, that a portion of it entered the circulation without 
alteration and was excreted by the kidney m such form as to be precipi- 
tated by half saturation with ammonium sulphate The amount of 
protein obtained from the urme was so small as to warrant the belief 
that a portion of the absorbed protein was utilized m the body These 
experiments do not mdicate how large a portion of the protein was 
absorbed without digestion, nor can it be assumed that absorption from 
a Tliiry- Vella fistula is exactly identical with the absorption of protein 
from the same region of the intact intestine 

Since these experiments were positive, it seemed advisable to continue 
the investigation with somewhat diffeient methods and with a variety of 
proteins The question arose as to whether the same positive results 
would be obtamed if the egg albumin should be mtroduced into the 
stomach by means of a tube It can scarcely be assumed that such a 
method of introduction would in any measurable way interfere with the 
normal digestive processes Accordingly, a dog was prepared in the usual 
fashion, blood was aspirated from the jugular vein before egg-white was 
introduced mto the stomach, and preserved for further use The whites 
of five eggs were beaten up with an equal quantity of salt solution and 
mtroduced into the stomach directly through a tube Table 2 gives the 
experimental details 

The tabulated results mdicate that either a small amount of egg 
albumm passed through the stomach walls without digestion or that 
some of it may have been absorbed as an acid albumm Wells has shown 
that acid albumm sensitizes m slight degree to the unaltered protem 
At any rate, it is fair to conclude that under these conditions only an 
exceedmgly small portion of the ingested protem passed through 
unaltered 


In the next exnermient the technic was modified m that a ligature was 



the retention of the albumm m the organ The experimental details 
are given m Table 3 



TABUS 2— Experiments in Anaphiuixis in GiiineaPigs Sensitized ivmi Blood and Dmnadv 
Peoieins prom Poos to TiiiRT-VEm Eisteeae Ted Bog Albumin Pra Stomao” 


Of 

Dog 


No of 
Guinea- 
Pig 


Sensitizing Dose 


Pei lod 
of Incu- 
bation 
Days 


loMc Dose 


520 


372 

( Eight min dog sei urn 
before albumin 
introduced 

373 

Eight min dog serum 
one hour after 
albumin in stomach 

374 

Eight mm dog serum 
tivo hours aftei 
albumin in stomach 

375 

Eight min dog serum 
three hours aftei 
albumin in stomach 

376 

Eight mm dog seium 
five hours after 
albumin m stomach 

377 

Eight mm dog seium 
tw'enty-four hours 
after alb m stom 

558 

Albumin fi om urine 
first twenty f oui - 
hour peiiod (dial 
ysis) 

516 

Five e c dog serum 
drawn twenty-three 
days after albumin 
in stomach 

518 

Five c c dog serum 
diawn twenty three 
days after albumin 
m stomach 

515 

One c c each one, 
two, three, five hour 
bleedings plus Ice 
f 1 esh normal dog 
seium 


21 


21 


21 


21 


21 

21 

21 


{ a ) See egg albumin 
1 n t r a p eiitoneally 
(b) 2 c c dog serum 
two days later 
(a) 2 cc egg albumin 
1 n 1 1 a p eritoneally 
(b) 3 cc normal 
dog seium intia 
p e 1 itoneally two 
days 

(a) 3 cc egg albumin 
1 n t r a p eritoneally 
( b ) 3 c e normal 
dog serum intra 
per itoneally two 
daj’s latei 

(a) 3 cc egg albumin 
1 n 1 1 a p ei itoneally 
( b ) 3 c c normal 

dog serum intra- 
p e r itonealty two 
days later 

3 c c egg albumin 
1 n 1 1 a p ei itoneally 

3 c c egg albumin 
1 n t r a p eritoneally 

3 c c egg albumin 
1 n 1 1 a p eritoneally 


21 


3 c c egg albumin 
1 n t r a p eritoneally 


21 


3 c c egg albumin 
1 n t r a p ei itoneally 


21 


1 


c c egg albumin 
intravenously 


Results 


(a) No sjmptoms 

(b) Sjmptoms-1- 

(a) Mild symptoms 

(b) Symptoms -j- 

(a) Mild symptoms 

(b) Symptoms + 

(a) Mild s 5 'mptoms 

(b) Dead two daj's 
latei 

Mild symptoms 
No symptoms 

\ 

No symptoms 

No symptoms 

No symptoms 

Mild symptoms 


Note 1 — In view of the fact that guinea pigs often evhibit toxic symptoms which i esemble 
some of the characteristic symptoms of anaphylaxis and that any guinea-pig may be restless and 
shake itself as the result of the handling incident to the intrayenous injection of the toxic dose 
I wish to state that in deciding in each instance whether the reaction is negative or nuldb 
anaphylactic these facts weie kept in mind and ivhere theie was any doubt, the result is stated 
as negative Where the symptoms were typically anaphylactic, though mild the lesults are stated 
as mild symptoms, and when more pronounced, such as the bucking movements, convulsions, niaiked 
drop m tempeiature, paralysis, etc, the results are stated as symptoms with one oi two phis 
signs depending again on the seienty of the symptoms 

jgote 2—1 have appreciated fiom the beginning the necessity of taking eveiv precaution to 
prevent contamination of the serum used foi sensitizing purposes because of the exceedingly snn) 
amount necessary to sensitize an animal, and great care has been exeicised to pieient siicli an 
occurrence The syiinges used to aspirate the blood were kept especially for this woik and clean=cc 
by me Tlie serum was kept in sterile clean leceptaeles, the punctuie wound made hv the Inpe 
dermic needle in the stomach and intestines wa= closed hr sutures 
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The conditions aie such in Experiment 3 that normal digestion 
cannot proceed and it will he readily seen that a much larger portion of 
the albumin passed into the circulation within a few hours after its 
inti eduction into the stomach It is not claimed that this is an indica- 
tion of the fate of albumin in normal digestion, but it indicates that an 
Intel ference with the process which does not, during the time of experi- 


TABLE 3 — Experiments in Anaphylaxis Stomachs op Dogs Ligated to Insure Detention 

OF Albumin 


Xo of 
Dog 

Xo of 
Guinea- 
Pig 

Sensitizing Dose 

Peiiod 
of Incu- 
bation 
Days 

Toxic Dose 

Results 

523 

548 

Eight min dog seium 
before albumin in 
stomach 

1 

22 1 

1 c e egg albumin 
injected into heart 

Xo sjmptonis 


582 

Xormal 

22 

1 e c egg albumin 
intravenously 

Xo symptoms 


54 'J 

Eight min dog seium 
one hour aftei 
albumin in stomach 

22 

1 c e egg albumin 
intiavenously 

Mild symptoms 


550 

Eight min dog serum ' 
tv 0 hours after 
albumin in stomach 

22 ^ 

1 c c egg albumin 
intravenously 

Symptoms -f -p 
Recovered 

1 

1 

551 

Eight min dog serum 
three lioui s aftei 
alhumin in stomach 

22 

1 c c egg albumin 
intravenously 

Symptoms -j — |- 
Recovei ed 

1 

j 

552 

Eight mm dog seium 
five houi s aftei 
albumin in stomach 

22 i 

2 0 e c egg albumin 
intravenously 

Symptoms -f — p-p 


554 ^ 

One c c urine fi om 
bladdei taken fii e 
houis aftei albu 
nun in stomach I 

22 

1 

1 

3 c c egg albumin 1 
intraperitoneally 

0 5 c c egg albumin | 

Mild symptoms 


518 

1 

One c c each serum 
one, two, three, five 
hours after albu- 
min in stomach 
plus 1 c c fresh 
normal dog seium 

22 

1 

intravenously 

Symptoms -p 


Dote — ^Dog killed aftei last bleeding, bladdei and stomacli distended Blood at five hours’ 
bleeding dark in color and coagulated more quickly than one hour bleeding, although salt solution 
in3ected in sufficient quantities to cover fluid loss fiom bleeding 


ment, seriously injure the vitality of the mucosa, permits the protein to 
pass through 

In the next experiment a portion of the colon just below the ileo- 
cecal valve was ligated and egg albumin injected into the ligated portion 
The results again show (Table 4) a very marked absoiption of the 
albumin without digestion The conditions are not very different in this 
experiment from those which might be obtained in a ease of intestinal 
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obstruction The blood- and nerve-supply to this loop was not seriously 
disturbed, except in those tissues immediately under the ligature 

In the next experiment the question arose as to whether the ligation 
of the colon is an important factor in the rapid absorption of the undi- 
gested protein Accordingly, Experiment 4 was repeated, except that 


TABLE 4 Eesults of Experiment Similar to Previous Ones Egg Albumin Injected Into 

Lioatld Portion of Colon 


^^o of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 
Days 

Toxic Dose 

Besults 

526 

810 

One c c dog serum 
before albumin in- 
jected 

27 

1 c c egg albumin 
inj intravenously 

No symptoms 


977 

1 

One c c dog serum 
before albumin in- 
jected 

One c c dog serum 
before albumin in- 
jected 

One c c dog serum 
one hour after 
albumin injected 

27 

1 c c egg albumin 
inj intravenously 

No symptoms 


978 

27 

1 c c egg albumin 
inj intravenously 

No symptoms 

1 

811 ' 

27 

1 c c egg albumin 
inj intravenously 

Symptoms -f— f--f- 
Eecovered and died 
five days later 


813 

One c c dog serum 

1 two hours after 
albumin injected 

27 

1 c c egg albumin 
inj intravenously 

Symptoms -f -{- 


814 

One c c dog serum 
three hours after 
albumin injected 

27 

1 c e egg albumin 
inj intravenously 

Symptoms -f-l- 

[ 


815 

One c c dog serum 
four hours after 
albumin injected 

27 

1 

1 c c egg albumin 
inj intravenously 

Symptoms 


1 816 

One c c dog serum 
five hours after 
albumin injected 

27 

1 c c egg albumin 
inj intravenously 

Dead in three minutes 


821 

One c c urine drawn 
from bladder six 
houi s after albu- 
min injection 

27 

1 c c egg albumin 
inj intravenously 

Symptoms -f 


979 

One and one half c c 
dog serum 3 hours 
after alb injected 

27 

1 c c egg albumin 
inj intravenously 

Svraptoms -f -f- 


980 

One c c dog serum 
four hours after 
albumin injected 

27 

1 c c egg albumin 
inj intravenously 

Symptoms -f--h 


the egg albumin was injected into the colon below the ileo-ceeal valve 
but no ligatures were placed about the colon The abdominal wall was 
carefully sutured and blood drawn at the intervals indicated In Table 
5 IS shown the experimental details 

From these results it is justifiable to conclude that absorption of 
undigested protein is facilitated by ligation of the portion of the mtestine 
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TABLE 5 — Results in Experiment Five Technic Similar to That in Experiment Four, 

Except That Colon Was Not Ligated 


No of 

No of Guinea- Sensitizing Dose 
Dog Pig 


400 449 Two c c dog serum 

befoie egg albumin 
in]ected 

463 Two c c dog serum 

before egg albumin 
injected 

475 Two c c dog serum 

one hour after egg 
albumin injected 

492 Two c c dog serum 

one hour aftei egg 
albumin injected 

478 Two c c dog serum 

one hour aftei egg 
albumin injected 

420 Two c c dog seium 

two hours after 
egg albumin in- 
jected 

441 Two c c dog sei um 

two hours after egg 
albumin injected 

410 Two c c dog sei um 

two houi s aftei 
egg albumin in- 
jected 

431 Two c c dog serum 

three hours after 
egg albumin in- 
jected 

459 Two c c dog serum 

three hours after 
egg albumin in- 
jected 

457 Two cc dog serum 

till ee hours aftei 
egg albumin in- 
jected 

484 Two c c dog serum 

four hours after 
egg albumin in- 
jected 

447 Two c c dog serum 

four houi s after 
egg albumin in 
jeeted 


Pei lod 
of Incu- 
bation 
Days 

Toxic Dose 

Results 

23 

1 c c egg white intra- 
venously 

No symptoms 

23 

Ice egg white inti a- 
venously 

No svmptoms 

23 

1 c c egg white intra- 
venously 

Slight symptoms 

23 

1 ec egg white intia- 
venously 

Symptoms 

23 

1 c c egg white intra- 
venously 

Slight symptoms 
Dead eight hours 

23 

1 c c egg white intra- 
venously 

Slight symptoms 

23 

1 c c egg white intra- 
venously 

No symptoms 

23 

Ice egg white intra- 
venously 

No symptoms 

23 

1 c c egg white intra- 
venously 

No symptoms 

23 

1 c c egg white intra- 
venously 

No symptoms 

23 

1 c c egg white intra- 
venously 

No symptoms 

23 

1 c c egg white intra- 
venously 

No symptoms 

23 

Ice egg white inti a- 
venously 

No sjmptoras 
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into winch the piotem is injected These results agiee with those 
obtained in the stomach expeiinients and demonstrate that obstruction 
to the normal peristaltic action is an important factor in permitting the 
passage of foreign albumin tliiough the mucosa Attention is drawn to 
the fact that as regards absorption, the ligated loop behaves very much 
like a Thiiy-'\'ella fistula in a sinnlai portion of the intestine When a 
portion of the intestine is denied free access to the secretions formed in 
other portions of the intestine there is apparently more absorption of the 
unaltered protein Since the Thiij^-Vella fistula resembles a ligated 
portion of the intestine in its absorption phenomena, it seems probable 


TABLE G — An APiiv LACTIC Experiments with Milk 


No of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 
Days 

Toxic Dose 

Eesults 

557 

559 

Eight min dog serum 
before milk in 
stomach 

29 

1 c c milk injected 
intravenously 

No symptoms 


560 

Eight min dog serum 
one hour after 
milk in stomach 

29 

1 c c milk injected 
intiavenously 

Mild symptoms 

1 

561 

Eight mm dog seium 
t\vo hours after 
milk in stomach 

29 

1 c e milk injected 
inti avenously 

' Dead in four lioin s 


564 

Eight min dog seium 
three hours after 
milk in stomach 

29 

1 c c milk injected 
intravenously 

Mild symptoms 

1 

563 

Eight min dog serum 
five hours aftei 
milk in stomach 

29 

1 c c milk injected 
intiaienously 

Mild symptoms 


Death probably due to the fact that ethei was used during operation on the animal In 
no other instance was any anesthetic used 


that the lack of digestive enzymes from other portions of the intestine is 
quite as potent a factor as the obstruction 

The success of these experiments led me to try the absorption with 
another form of protein which is one of the most important food-stuffs, 
namely, milk Milk is readily digested The protein of the milk is not 
as toxic in anaphylactic experiments as that found in the egg or serum 
proteins, but manv experimenters have used it in anaphylactic experi- 
ments The details of the first experiment are given in Table 6 

The milk, in this instance, was put in the stomach through a tube 
Physiological conditions prevailed and yet the serum of the dog from one 
to five hours after the milk was put into the stomach was capable of 

sensitizing guinea-pigs 
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In the next expeiiment the abdomen was opened, the cardiac and 
P5doric ends ligated and the milk introduced into the stomach directl}'’ 
thiongh a large hypodermic needle The experimental details are given 
in Table 7 


TABLE 7 — Anaphylactic Experiment with j\Iilk Stomach Ligated at Both Ends and 

Milk Introduced Directly Through a Needle 


No of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Peiiod 
of Inc u 
bation 
Days 

Tomc Dose 

Results 

565 

567 

Eight min dog serum 
b e f 0 1 e milk in 
stomach 

29 

1 c e milk injected 
intiavenously 

No symptoms 


568 

1 

Eight min dog seium 
one hour after milk 
in stomach 

29 ! 

1 cc milk injected 
intravenously 

Symptoms -J- 


570 

Eight min dog serum 
thiee houis after 
milk in stomach 

29 

1 cc milk injected 
intiavenously 

Svmptoms -p 


582 

Eight mill dog serum 
five hours aftei 
milk in stomach 

29 

1 e c milk injected 
intiavenously 

Symptoms -p 


1 573 

Eight min dog serum 
twenty-four hours 
after milk in 
stomach 

29 

1 cc milk injected 
intravenously 

Symptoms -p 


575 

One c c ui me di awn 
before milk in 
stomach 

29 

I cc milk injected 
inti avenously 

No symptoms 


706 

Two cc urine 
twenty-four hours 
after milk in stom 

29 

1 c c milk injected 

I intiavenously 

Symptoms -p 

1 

583 

Two c c urine foi ty- 
eight hours after 
milk in stomach 

29 

1 cc milk injected 
intiavenously 

Mild symptoms 


582 

Eight min dog serum 
five hours after 
milk in stomach 

29 

1 c c milk injected 
intiavenously 

Symptoms -p 

1 

584 

Eight min dog seium 
forty eight hours 
after milk in 
stomach 

29 

1 c c milk injected 
intravenously 

i 

Mild symptoms 


Note — Dog killed after forty-eight hours’ bleeding, stomach greatly distended 


In this case it appears that more of the milk than in the previous 
expeiiment must have been absorbed directly into the circulation, for the 
guinea-pigs were more actively sensitized than before This corresponds 
to the finding in the similar experiment with the egg albumin Evidently 
when the stomach is pi evented from emptying itself, undigested protein 
IS absorbed more readily 
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In the next experiment the duodenum was ligated, injected with milk, 
with the somewhat surprising result shown in Table 8 

The serum taken from two to five hours after milk was introduced 
did not sensitize guinea-pigs It seems probable that in the duodenum 
the digestive action has been sufficient to split the protem to such an 
extent that it no longer sensitized to the homologous protein 

Since this experiment seems to contradict the results of the experi- 
ments with egg albumm reported above, attention may be called to the 
fact that the portion of the duodenum ligated is well supplied mth 
digestive enzjmies, a condition quite contrary to that obtained in lower 
poitions of the intestine 


TABLE 8 — Duodenum Ligated and Milk; Injected Dibect 


i 

No of 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 

Tonic Dose 

Eesults 



Davs 



518 

974 

Two cc dog serum 

21 

5 c c milk injected 

No sjmptoms 



before 


intravenouslv 

(a) No symptoms 


975 

Two c c dog serum 

21 

(a) 5 cc milk injected 



two hours after 


intravenously 

(b) Symptoms-}”!- 


! 

milk injected 

1 

(b) 1 cc normal dog 
serum three days later 

(a) No symptoms 


976 

Two c c dog serum 

21 

(a) 5 cc milk injected 



two hours after 
milk injected 


intravenously 
(b) 1 cc normal dog 

(b) Symptoms -I- -f 




serum three days 
after 

No symptoms 



820 

Eight min dog seium 

21 

5 c c milk injected 



five hours after 


intravenously 



972 

milk injected 

Three c c urine three 

21 

5 c c milk injected 

No symptoms 



hours after milk 
injected 

1 

intravenously 



Note — T his dog died twelve hours after operation, ligated duodenum greatly distended and 
ulcerated 


In the next three experiments. Tables 9, 10 and 11, horse serum wa= 
used as the antigen 

In Experiment 9 the horse seium was introduced into the stomach 
through the stomach tube, in Experiment 10 the serum was introduced 
into the unligated portion of the upper small intestine , in Experiment 
11 the antigen was injected into a ligated loop made in about the middle 
of the small intestine In Tables 9, 10 and 11 are given the experimental 
details and results 

Erom these results it will be seen that there was a slight amount ot 
absorption from the unligated stomach, no absorption from the unligated 
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TABLE 9 — Kesults of Experiments in which Horse Sebum Was Used as the Antigen 

Introduced Dieectet Into the Stomach 


No of 
Dog 

No of 
Giunea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 
Days 

Toxic Dose 

Results 

402 

301 

Two c c dog serum 
two hours after 
horse serum intro- 
duced 

22 

1 e c inactivated horse 
serum intravenously 

Slight symptoms 


323 

Two ce dog seium 
two houi s after 
horse serum intro- 
duced 

22 

Ice inactivated horse 
serum inti avenously 

Symptoms 


309 

Two c c dog serum 
two hours after 
horse serum intro 
duced 

22 

1 c c inactivated horse 
seium intravenously 

Slight symptoms 


319 

Iwo c e dog serum 
two houis after 
horse serum intro- 
duced 

22 

Ice inactivated horse 
serum intravenously 

Slight symptoms 


303 

[ Two cc dog seium 
five hours after 
horse serum intro- 
duced 

22 

1 c c inactivated horse 
seium intravenously 

Slight symptoms 


305 

Two c c dog serum 
five hours after 
horse serum inti o- 
duced 

22 

1 c c inactivated horse 
serum intravenously 

Slight symptoms 


307 

Two c c dog serum 
five hours after 
horse serum intio- 
duced 

22 

1 c c inactivated horse 
serum intravenously 

Slight symptoms 


321 

Two c c dog serum 
five hours after 
horse serum inti o- 
duced 

22 

1 c c inactivated horse 
serum inti avenously 

Slight symptoms 


317 

Two c c dog serum 
twenty-tv o hours 
aft^r horse serum 
introduced 

22 

1 c c inactivated horse 
serum intravenously 

No symptoms 


315 

Two cc dog seium 
twenty-two houi s 
after horse serum 
introduced 

22 

1 c c inactivated horse 
serum intravenously 

Slight symptoms 


311 

Two c c dog serum 
twentj -two houi s 
after horse serum 
introduced 

22 

1 c c inactivated horse 
serum intravenously 

No symptoms 


313 

Tvo cc dog seium 
twenty-two hours 
horse serum intro- 
duced 

22 

1 c c inactivated horse 
serum intravenously 

No symptoms 






TABLE 10 Results of Expebiment Whek Hobse Sertxm Was Ikteodeced Into Unugateo 

Pobtion of Upper Ssiall Intestine 


1 

N'o of 1 
Dog 

i 

j 

No of 
Guinea- 
Pig 

1 

vSensitizing Dose 

Period 
of Incu- 
bation 
Days 

Toxic Dose 

Results 

200 1 

363 

Two c c dog serum 
one and one half 
lioui s after horse 
serum injected 

23 

I 

1 c c inactivated horse 
serum intravenously 

No symptoms 


339 

Two c c dog sei um 
one and one half 
houi s af tei horse 
scium injected 

23 

1 

1 

1 c c inactivated horse 
serum intravenously 

No symptoms 

1 

345 

Two c c dog serum 
two houis aftei 
hoise seium in- 
jected 

23 1 

1 

1 

1 c c inactivated hoise 
serum intravenously 

No symptoms 

i 

1 


347 

Two c c dog serum 
four hours after 
horse serum in 
jected 

23 

1 c c inactivated horse 
seium intravenously 

No symptoms 


341 ! 

1 

Tno cc dog serum 
four houi s aftei 

horse sei um in- 

jected 

1 Two c c dog sei um 

I four hours after 

horse serum in- 

jected 

23 

lee inactivated horse 
serum intravenously 

No symptoms 


359 

1 

1 

23 

1 c c inactivated horse 
serum intravenously 

N'o symptoms 


Note — Remainder of senes not injected, as one and one half two and four hour animals were 
all negative 


TABLE 11 — Reselts When Antigen Was Injected Into a Ligatpd Loop of yjiAEE Intestine 


No of 
Dog 


392 


No of 
Guinea 
Pig 


Sensitizing Dose 


Period 
of Incu- 
bation 
Days 


Toxic Dose 


783 

788 

784 

785 

790 


One c c 

dog 

serum 

before horse 
injected 

serum 

One c c 

dog 

serum 

befoi e 

horse 

serum 

injected 


One c c 

dog 

serum 

one 

hour 

after 

horse 

serum in- 

jected 
One c c 

dog 

serum 

one 

hour 

after 

horse 

serum in- 

jected 
One c c 

dog 

serum 

two 

hours 

after 

horse 

serum in- 

jected 




29 

29 

29 

29 

29 


1 c c horse sei um 
intravenously 

I c c horse serum 
intravenously 

1 c c horse serum 
intravenously 

1 cc lioise serum 
intravenously 


1 c c hoi «e serum 
lntTa^ enouslv 


Results 


No symptoms 
A^o symptoms 
Symptoms -|- 

Symptoms + 

Symptoms -f-P 
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upper intestine and marked absorption from the ligated loop In piac- 
tically all i aspects these tliiee expeiiments show that horse sernm behaves 
like egg albumin in its absorption capacities 

In the next two experiments beef serum was used as an antigen In 
both instances the serum was injected into the ligated lower portion of 
the ileum Since the lesults of the two experiments were identical, only- 
one will be quoted The results are seen in Table 12 

The 1 esults of tins experiment are identical with those in which othei 
proteins were used as antigens 


TABLE 12 — Results of ExPERUirENT in Which Beef Serum Antigen Was Injected Into 

Ligated Lower Portion of Ileum 


No of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Inou- 
hation 
Days 

Toxic Dose 

Results 

833 

897 

1 

1 

Two cc dog seium 
before beef serum 
injected 

25 

15 e c beef serum 
intravenously 

No symptoms 


898 

Three c c dog serum 
before beef serum 
injected 

25 

1 c c beef serum 
intravenously 

No symptoms 


899 

One c c dog sei um 
before beef serum 
injected 

25 

1 c c beef serum 
intravenously 

No symptoms 


211 

Normal guinea pig 

25 

1 c c beef serum 
in-travenously 

No symptoms 

1 

900 

One c c dog sei um 
one hour after beef 
seium injected 

25 

1 c c beef serum 
intravenously 

Symptoms + 


894 

Two c c dog sei um 
one houi after beef 
seium injected 

25 

1 c c beef serum 
intravenously 

Symptoms + 


895 

One c c dog sei um 
two hours after 
beef serum injected 

25 

1 c c beef serum 
intravenously 

Dead in five minutes 


892 

Two c c dog serum 
two hours after 
beef serum injected 

25 

1 

1 cc beef seium 
intravenously 

Dead in fifteen min- 
utes 


All of the proteins used in the experiments thus far reported have 
been of animal origin, and it is quite possible that vegetable proteins may 
not have the same absorption behavior as those of animal origin In the 
two following experiments, edestin’^® was used as the antigen Two 
experiments were made, in both of which the solution of edestin was 
injected into the ligated lower poition of the ileum Since the two 
experiments agiee as to results, only one of them will be quoted In 
Table 13 is given the details of one of these experiments 

16 The edestin used in these experiments was prepared by Dr Martha Tracy 
in Professor Mendel’s laboiatory 
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From the results recorded ahove^ one point is evident the ahsoipiion 
of the edestm is accomplished more slowly than in the case of the animal 
antigens The symptoms given by pigs sensitized with the blood drawn 
during the earlier hours following the injection are mild^ the severer 
symptoms are given by pigs sensitized with blood drawn four hours after 
the introduction of the antigen The reason for this is piobably the slow 


TABLE 13 — Results of Experiment in Which Edestin in Solution Was Injected Into 

Ligated Lower Portion of Ileum 


1 

No of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 
Days 

Tonic Dose 

Results 

434 

438 

One c c dog serum 
before edestin in- 
3 eeted 

One cc dog serum 
before edestin in- 
jected 

One cc dog seium 
before edestin in- 
jected 

Two c c dog serum 
one hour after 
^ edestin injected 

23 

1 c c edestin injected 
intravenously 

No symptoms 


440 

1 

23 

1 c c edestin injected 
intravenously 

No symptoms 


442 

1 

23 

1 c c edestin injected 
intravenously 

No symptoms 


, 444 

23 

1 c c edestin injected 
intravenously 

Mild symptoms 


446 

1 Two c c dog serum 
two hours after 
edestin injected 

23 

1 c c edestin injected 
intravenously 

Mild symptoms 


, 448 

, Two c c dog serum 
two hours after 
edestin injected 

23 

1 c c edestin injected 
intravenously 

1 

Mild symptoms 


450 

1 

Two c c dog serum 
three hours after 
edestin injected 

1 23 

1 

1 c c edestin injected 
inti avenously 

Mild symptoms 


452 

; Two c c dog serum 
three hours after 
edestin injected 

23 

1 c c edestin injected 
intravenously 

Mild symptoms 


1 454 

i 

Two c c dog serum 
three hours after 
edestin injected 

23 

1 c c edestin injected 
intravenously 

Mild symptoms 


456 

TSvo c c dog serum 
four hours after 
edestin injected 

23 

1 c c edestm injected 
intravenously 

Mild symptoms 


458 

1 

1 

Two c c dog serum 
four hours after 
edestin injected 

23 

Ice edestin injected 
intrav enously 

Symptoms -f- 

1 

! 460 

i 

Two cc dog serum 
four hours after 
edestin injected 

23 

1 c c edestin injected 
intravenously 

Symptoms -f- 


Note 2 — Dw''b”tol*ond*’”otopBKll' after last (loar liou?s Alecdiag Ligated porfion emplr 

“Xfa-fSii’" tlr: ZT: N.C, laNCed in two portions at socond and llnrd 
bleedings Blood at third and fourth bleedings dark m color and clotted \err q 
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absorption of the antigen, -which is probably due to the fact that soon 
after the solution -was introduced into the intestine it was precipitated 
Otlier investigators have noted that edestm is readily precipitated from 
its solution 

In the followmg expeiinient a point which is somewhat incidental to 
the main question has been subjected to experimental investigation In 
the first experiments which were made on this topic, a prelimmary report 
of which has already been published, I found that egg albumm could 
be detected in the blood for three days after the tune of injection, but 
not beyond this time It seemed advisable to further test this observation 
with tivo types of protein, edestm and hoise serum In the first experi- 
ment edestm was used as the antigen Fifty cubic centimeters of a 
solution containing altogether 3 1 gm of protem was mjected into the 
jugulai -\em of a dog The animal was bled three, six, ten, thirteen and 
sixteen days after the injection was made Further experimental details 
are given m Table 14 

From this table it may be seen that the only pigs that weie sensitized 
to the edestm weie those receivmg blood withdra-wn three days after the 
injections were made It follows that the edestm must have remamed in 
the dog’s cn dilation for a period of at least three days, but not as long 
as six days 

Both egg-white and edestm are proteins so different m structure from 
blood serum that it is quite possible that they might be removed from 
the circulation m a shortei time than a serum protem from another 
species of animal After an injection of diphtheria antitoxin antibodies 
have been found m the blood as late as three weeks after the injection 
The length of time m which horse serum would remain m the circulation 
of the dog was tested on three different dogs Fifty cubic centimeters of 
horse serum were injected into the jugular vein Blood was dra-wn at 
different periods up to fort}'--nme days and used to sensitize gumea-pigs 
Inasmuch as the dog may have become immune to the antigen, it was 
necessary m this case to test for passive anaphylaxis The experimental 
details m one case are given m Table 15 

Attention is called to the fact that six pigs sensitized with the serum 
dra-wn forty-nme days after horse serum was injected into the dog were 
tested for passive anaphylaxis, but only one showed any symptoms These 
were very mild, while four other pigs that were allowed to incubate foi 
a period of forty-one days, when tested foi active anaphylaxis showed 
maiked reactions, one of them dying m ten minutes 

It seems probable that the horse serum has remamed m the dog’s 
circulation unalteied during this tune 

The behavior of the horse serum is distinctly different from that of 
the edestm or the egg albumin It would seem that these latter protems 
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aie mucli niorG pioiuptly attacked and removed from tire circulation than 
IS serum protein 

This experiment is somewhat similar to that of Gay and Southard/^ 
who bled guinea-pigs that had been pieviously used in diphtheria anti- 


TABLE 14 — ^Experiment with Edestin as Antigen to Determine How Long the Foreign 

Protein Remained in the Blood 


No of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 
Days 

Toxic Dose 

Results 

505 

423 

Two c c dog serum 
ten days after 
edestin injected 

6 

1 5 c c solution edestin 
inj intravenously 

No symptoms 


401 

One c c dog serum 
before edestin in- 
jected 

46 

1 c c edestin injected 
intravenously 

No symptoms 


403 

One c c dog serum 
before edestin in- 
jected 

46 

1 c c edestin injected 
intravenously 

No symptoms 


405 

One c c dog serum 
before edestin in- 
jected 

46 

1 cc edestin injected 
intravenously 

No symptoms 


407 

Two c c dog serum 
three days after 
edestin injected 

46 

1 c c edestin injected 
intravenously 

Mild symptoms 


409 

Two c c dog serum 
three days aftei 
edestin injected 

46 

1 c c edestin injected 
intravenously 

Mild symptoms 


411 

Two c c dog serum 
three days after 
edestin injected 

46 

1 c c edestin injected 
intravenously 

Mild symptoms 


413 

Two c c dog serum 
Six days after 
edestin injected 

46 

1 c c edestin injected 
intravenously 

No symptoms 


415 

Two c c dog serum 
Six days after 

edestin injected 

46 

1 c c edestin injected 
intravenously 

No symptoms 


417 

Two c c dog serum 
six days after 
edestin injected 

46 

1 c c edestin injected 
intravenouslj'^ 

No symptoms 


423 

Two c c dog serum 
ten days after 
edestin injected 

46 

1 c c edestin injected 
intravenously 

No symptoms 


167 

Two cc dog seium 
thirteen days after 
edestin injected 

46 

1 c c edestin injected 
intravenously 

No sjTOptoms 


210 

Two c c dog serum 
thirteen days after 
edestin injected 

46 

1 c c edestin injected 
intravenously 

No symptoms 


toxin experiments, 204 and 169 days after their injection of horse serum, 
and mjected this serum into other normal guinea-pigs Fifteen days 
later the pigs were injected with horse serum with fatal results Since 


17 Gay and Southard Jour Med Research, 1907, xvi, 143 







TABLE 15 — Experiment with Horse Serhm as Antigen to Determine How Long the 

Foreign Protein Remained in the Blood 


No of 
Dog 

No of 
Guinea- 
Pig 

Sensitizing Dose 

Period 
of Incu- 
bation 
Days 

Toxic Dose 

/ 

Results 

320 

109 

Two e c dog serum 
thirty-one days 
after horse serum 
injected 

1 

1 c c horse serum 
intravenously 

No symptoms 


945 

Two c c dog serum 
thirty-one days 
after horse serum 
injected 

2 

1 

1 c c horse serum 
intravenously 

No symptoms 


308 

Two c c dog serum 
thirty-one days 
after horse sei um 
injected 

2 

1 c c horse serum 
intravenously 

No symptoms 


502 

Two c c dog serum 

1 thirty-one days 
after hoi se serum 
injected 

3 

1 e c horse serum 
intravenously 

No symptoms 


264 

Two c c dog serum 
before horse serum 
injected 

25 i 

1 c c horse serum 
intravenously 

No symptoms 


952 

Two c c dog serum 
before horse serum 
injected 

25 

1 c c horse serum 
intravenously 

No symptoms 


880 

Two c c dog serum 
before horse serum 
injected 

25 

1 c c horse serum 
intravenously 

No symptoms 


571 

Two cc dog serum 
thirty-one days 
after horse serum 
injected 

25 

1 c c horse serum 
intravenously 

Symptoms + 


927 

Two c c dog serum 
thirty one days 
after horse serum 
injected 

25 

1 c c horse serum 
intravenously 

Symptoms -j- 


946 

Two c c dog serum 
thirty-one days 

after horse serum 
injected 

25 

1 c c horse serum 
intravenously 

Symptoms -1 — 1- 


847 

Two c c dog serum 
forty-nine days 
after horse serum 
injected 

4 

1 c c horse serum 
intravenously 

No symptoms 


212 1 

Two c c dog seium 
forty-nine days 
after horse serum 
injected 

4 

1 c c horse serum 
intravenously 

Symptoms ( ’ ) 


162 

Two c c dog serum 
forty nine days 
after horse serum 
injected 

41 

1 c c horse serum 
intravenously 

Symptoms -j- 


839 

Two c c dog serum 
forty-nine days 
after horse serum 
injected 

41 

i 

1 c c horse serum 
intravenously 

Symptoms -j- 


968 

Two c c dog serum 
forty-nine days 
after horse serum 
injected 

Two c c dog serum 
forty -nine days 

after horse serum 
injected 

41 

1 c c horse serum 
intravenously 

Symptoms -j — h 


705 

41 

1 cc horse seium 
intravenously 

Died in ten minutes 


Rote — As the serum of the six-, ten- and thirteen day pigs was negative, the sixteen-day pigs 
veie not intoxicated 
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the authois did not test these pigs for passive sensitization;, and since it 
IS known that passive sensitization with the serum of an homologous 
animal lasts for a long time, there is no reason to suppose that the 
experimental pigs were not passively rather than actively sensitized In 
oui case, however, it is knoum that the active sensitization was much 
stronger than the passive sensitization 

SUMMARY 

1 These experiments demonstiate that protein may be absoibed 
unaltered through the intact epithelium of the gastro-intestmal tract 

2 Conditions which mterfeie with normal digestive function, such 
as ligaturing a portion of the intestine, or the whole stomach, or the 
isolation of a portion of the intestine as a Thiry-Yella fistula, markedly 
increase the amount of protein absorbed 

3 The amount of protein absorbed without digestion under physio- 
logical conditions is too small to be of any significance as a factor in 
nutrition 

4 Ede&tin and egg albumin when injected intravenously into a dog 
do not remain in the circulation in a condition to sensitize guinea-pigs 
for a long period , in our experiments for three days On the other hand, 
horse serum may be detected m the dog’s circulation for a period of at 
least forty-nine days 

5 The absorption in the duodenum differs from that m other 
portions of the intestine in that the ligation of the duodenum does not 
facilitate absorption of unaltered protein 

Although the amount of unaltered protein concerned in this reaction 
IS not large, it may, nevertheless, be of decided import Only a very 
small amount of protein is required to sensitize an animal, or seriously 
intoxicate a sensitive animal Certain pathological conditions may have 
their origm in the fact that the absorbed protein has caused certain toxic 
reactions The relation between anaphylaxis and asthma has been pointed 
out many times It is well known that asthmatic persons are often 
particularly sensitive to certain food-stuffs Many skin conditions aie 
classed by dermatologists as anaphylactic in their nature^® There w 
considerable possibility that these experiments offer an explanation for 
such manifestations Certam food intoxications, and some of the symp- 
toms of intestinal obstruction, may be in part dependent on the absorp- 
tion of unaltered protein 


18 Johnson Jour Cutan Dis , 1912, xxx, 136 


THE CHOLESTEKOL AHD CHOLESTEEOL-BSTEE CONTENT 
OE THE BLOOD IN XANTHOMA THBBEOSUM 

MULTIPLEX ’• 

JACOB ROSENBLOOM, MB, PhD 

PITTSBUEGH, PA 
I INTEODUCTION 

In lecent yeais considerable interest has been shown regarding the 
role that cholesterol and its esteis play in the body Cholesterol was first 
noted by Conradi m 1775 and by Oren in 1788, to be present in gall- 
stones, and they called this substance ^^gall -stone fat ” Eourcroy sub- 
sequently classified it along with spermaceti and adipocere Chevreul, in 
1816, demonstiated certain diffeiential qualities of this substance and 
called it cholesterm 

This substance, now preferably called cholesterol (C 27 H 44 O, HgO), 
IS a mono-hydroxy terpeno-alcohol and forms esters with fatty acids in 
the same manner as does the tn-hydroxy alcohol glycerol The esters of 
cholesterol with oleic and palmitic acids exist preformed in animal 
tissues, while that with steal ic acid has not been identified positively in 
organisms Bondet, in 1883, found cholesterol-oleate in the blood-serum 
and called it ^^seroline,” but Hurthle, in 1895, was the first to identify 
and study the substance This ester has also been found normally and 
pathologically in many portions of the body, in the kidneys, liver, arterio- 
sclerotic aiteries, etc , but is absent from the brain 

Some of the esters of cholesterol show a crystalline fluid phase (fluid 
crystals) and the identification of such substances by Kaiserling and 
Orgler^ first directed modern attention to this peculiar phenomenon 
They have also been carefully studied by Aschofi,^ Adami,® Kawamura^ 
and others 

In view of the fact that several observers have considered an excess 
of cholesterol esters in the blood to be present in the condition called 
xanthoma tuberosum multiplex, I thought it would be of considerable 

* Prom the Biochemical Laboratory of the Western Pennsylvania Hospital, 
Pittsburgh, Pa 

^ Accepted for publication June 14, 1913 

1 Kaiserling and Orgler Virchows Arch f path Anat , 1902, clxvii, Berl 
kiln Wchnschr, 1910, xlvii, 2156, Deutsch med Wchnschr , 1910, 1466 

2 Aschoff Beitr z path Anat , 1910 xlvii, 1 

3 Adami The Myelins and Potential Fluid Crystalline Bodies of the Organ- 
isms, The Harvey Lectures, 1908, No 2, p 117 

4 Kawamura Die Cholesterinesterverfettung, Jena , 1911 
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interest to attack fhis problem from an experimental standpoint, espe- 
cially as the new method of Windans for the estimation of the cholesteiol 
and cholesterol-esters is very accurate, and also because in my case the 
samples of blood were collected foi analysis duiing the time when new 
xanthoma lesions were forming, giving every reason to suppose that if the 
condition was characterized by an excess of cholesterol esters in the 
blood, this would be the most favorable time to find the same ® 

I would also draw attention to the fact that in my work, a '^control” 
was studied This person was convalescent from an attack of gonorrheal 
arthritis, and for two days previous to the collection of the blood was 
taking the same diet as the patient with xanthoma tuberosa multiplex 


II EEVIEW OF LITERATURE 

Pinkus and Pick® made studies of the common flat xanthoma of the 
eyelids, xanthoma tuberosum diabeticum, xanthoma tuberosum in dia- 
betes and xanthoma tumor, a large isolated tumor Pathologically, they 
found each of these types to be composed of the same cellular elements 
and that microchemically and microphysically they weie identical 
Examination of unstained frozen sections hardened in formaldehyd 
solution showed the entire tissue to be filled with fine needle-like crystals 
which showed the phenomena of ^‘^anisotropism^^ when examined undei 
a polarizmg microscope With osmic acid there was almost no black- 
ening Sudan III stained the tissue red or brown-red 

They concluded that the characteristic substance of xanthomas is not 
fat, but the doubly refracting substance They think it resembles the 
so-called ^^protagon’^ and is a cholesterol-ester, which substance is 
supposed to be found in the blood in icterus and diabetes in greatly 
mcreased amounts and that the deposition of this substance in the tissues 
produces the formation of xanthoma 


5 I wish to thank Di H Fox, dermatologist to the German Hospital, New 
York, for his kindness in placing the patient at my disposal The samples of 
blood were collected and the drying of the same was done at the German Hos 
pital The rest of the work was earned out in Pittsburgh 

6 Pinkus and Pick Deutsch med Wchnschr, 1908, xxxiv, 1426, Monatscli 
f prakt Dermat , 1908, xlvi , Arch f Derm , 1908, cvii, 228 

7 Through the kindness of Dr S Pollitzer I had the opportunity of study 
ing certain properties of the coloring matter present in the xanthoma cell The 
mateiial used was obtained at biopsy from Dr Pollitzer’s patient It was ground 
up with sand and when treated with ether, imparted a golden color to the ether 
This solution gave all the color reactions typical of lipochromes, and readily 
diffused from ether through a rubber membrane into ether, a property which 
I ha\e found lipochromes to possess Exposure of an ethereal solution of this 
hpochrome to direct sunlight for a period of three hours caused complete dis 
appearance of the color, and on adding various oxidizing agents, the color did 
not return For the above reasons we can conclude that this coloring matter 

IS a true hpochrome 


JACOB BO8ENBL00M 
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Pringslieim® examined xanthomatous tissues fiom the shin and dnra 
mater chemically and found that eeitain acetone-soluble crystals present - 
weie free from nitrogen and phosphorus and gave all the reactions 
peculiai to cholesterol^ and that they had a constant melting point He 
believes this substance to be the same as that described by Pinkus and 
Pick and also thinks that the substance is deposited in xanthoma by 
cholesterol from the blood 

Chaulfard and Laroche'*' claim that xanthoma is probably caused by 
an increase of greater or less duration in the cholesterol content of the 
blood-serum, and conclude, therefore, that it is a sign of lipolytic insuffi- 
ciency of the panel eas and is less to he regarded as a tumor than as a local 
reaction of the skin to the cholesterol present in the blood-serum 

Pollitzer and Wile^° have found in the earliest lesions of xanthoma, 
an infiltration of the perivascular and intercellular lymph-spaces with a 
fatty substance, which is piesent to a considerable extent also in the new- 
formed cells, and in the endothelium of the capillaries and here and there 
in the basal layer of the epidermis The xanthoma giant cells on staining 
with osmic acid or Sudan III are found to be almost entirely filled with 
a fatty substance This substance was also soluble in alcohol On 
examination of fresh sections of xanthoma by polarized light, they found 
that at least a greater portion of the fatty substance contained in the 
cells presented the phenomena of amsotropism They think it likely that 
in cases associated with an excess of lipms in the blood, that the lipins in 
excess pass out thiough the capillaries of the skin at some point of 
lessened resistance, and their presence in the peiivascular connective 
tissue cells appeals to act as a stimulus and causes a proliferation of 
these cells, which take up the lipins poured out fiom the blood-vessels 
and form the xanthoma cells 

They concluded that xanthoma tuberosum repiesents an irritative 
connective-tissue hypeiplasia, in which the extravasation of cholesterol 
fatty acid-ester present in excess in the blood serves as the stimulus, and 
that certain connective tissue cells which take up these substances prolif- 
erate and increase in size, forming the typical xanthoma cells 

III COLLECTIOlSr AND ANALYSES OE THE BLOOD 

The blood was obtained from the median basilic vein by means of a 
Wassermann needle It was collected in a weighed bottle containing 
ammonium oxalate to prevent coagulation, the increase in weight of the 
bottle giving the amount of blood collected The blood was then cen- 

8 Pnngslieim Deutsch med Wclmschr , 1908, xxxiv, 2145, Biocliem 
Ztschr , 1908, xv, 52 

9 Cliauflfard and Laroche Zentralhl f Biochem u Biophys , 1912, xni, 102 
10 Polhtzer and Wile Jour Cutan Dis , 1912, xxx, 235 
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infuged, and the corpuscles washed thoroughly with physiological salt 
solution and the washings added to the plasma The corpuscles and 
plasma were then dried separately by means of anhydrous sodium sul- 
phate, placed in a Soxhlet extractor and extracted with anhydrous ether, 
followed by extraction with alcohol and then with ether, until all the 
ether and alcohol soluble substances were extracted 

The extracts were evaporated in a weighed dish at 35 C , and then 
placed in a vacuum desiccator with sulphuric acid until of constant 
weight The eholesteiol and cholesterol-esters piesent were then estimated 
by the excellent method of Wmclans 


Tablc Showing Cholestebou and Cholestebol-Esteb Content of the Blood 

Peb lOO Gbams of Blood* 



Blood Corpuscles | 

Blood ' 

Plasma 

Case 

Cholesterol, 
Per Cent 

Cholesterol- 
Ester, Pet 

1 

Cholesterol, 
Per Cent 

Cholesterol- 
j Eater, Pet 

1 

Xanthoma tuberosa 

multiplexT 

1 

0 065 

1 

1 

1 trace 

1 

0 048 

0 022 

Conti olt 

0 068 i 

trace 

! 0 046 

i 

1 

0 028 


' Cholesterol-ester figures are in terms of the stearate 
T 26 8670 grams of Wood used for the analyses 
t 25 4104 giams of Wood used for the analyses 


The accompanying table contams the results obtained in this study, 
shoAving that m the case of xanthoma tuberosum multiplex studied, there 
was no increase in the amount of cholesterol oi of cholesterol-esters in 
the corpuscles or plasma tvhen compared loith the corpuscles and plasma 
of a normal person as a control 

The writer wishes to thank Dr F M Hanes for giving him the expensive 
digitonm that was used in this method of estimation of these substances 

5659 Beacon Street 


11 Windaus Ber d deutscb ehem Gesellseh , 1909, \ln, 238, Ztschr f 
phrsiol Chem , 1910, Kv, 110 













THE EBLATIOISr OF EATIGHE TO PAEALYSIS LOCALIZA- 
TION IN PLHMBISM-^- 


EALPH E MELLON, MD, MS 
Instructor in Physical Diagnosis, University of Michigan 

ANN ARBOB 

The apparent predilection of lead and its salts for the extensor 
muscles of the ■wrist, or the musculospiral neive which supplies them, 
has for a long time remained unexplained 

This peculiai localization, as well as changes in the muscles them- 
selves, has formed subject matter foi numerous hypotheses One of the 
oldest views, which is now almost obsolete, held that the paralysis was 
due to intramuscular changes The spinal view was held by Eemak and 
Erb, but the preponderance of opmion at present points to the peripheral 
nerves as the most likely oiigin, and even Eemak himself admits the lack 
of convincing testimony in favor of the spinal origin ^'The constancv 
of peripheral changes and the mfrequency of noteworthy changes in the 
cord make the peripheral the more probable theory, but if it is correct, 
there is yet no explanation of the almost regular escape of certain muscles 
from the paralysis 

With the hope of elucidating this interesting point Dr Warthin 
suggested that I make an attempt to corroborate the view which is kno-wn 
as Edinger’s theory He explains these peculiar saturnine paralyses as 
the result of excessive stram on certain groups of muscles In this way, 
he accounts for the common wrist drop 

His conclusions are as follows 

(a) Of the forearm, the flexors (triceps, anconeus, extensors, biceps, 
brachial] s anticus and supinator longus) possess a high degree of capacitj' 
for work, while the supmators are charactei ized by great mass, and are 
brought mto play mainly in work of coarse and heavy nature, and not 
during flne manipulation 

(h) The muscles concerned in pronation are of small capacity foi 
work, and are not called on for sustained work As for the muscles 
acting on the "WTist and hand, he concludes that the extensors (carpi 
ladialis longior and hrevior, carpi ulnaris and the extensors of the 
fingers) are powerful, and much exceed in capaci'ty for work the flexors 
(flexoi carpi radialis, flexoi carpi ulnaris, the flexors of the fingers, etc ), 
hut in all fine manual work, and especially where close grasping move- 

* Submitted for publication July 10, 1913 

* From the Pathological Laboratory, University of Michigan 

1 Edsall Osier’s Modem Medicine, i, 96 
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ments enter into association with the flexors, external strain is put on 
them, while the flexors meiely support their action The extensoi 
communis digitoium is the weakest of all the long finger muscles, its 
volume 18 hardly one-fourth that of the coi responding flexor, and while 
it acts only on the first of the phalanges, the flexors act on all three In 
all fine work they are called on foi heavy stiain, especially the interossei 
and the lumbrieales, but in harmony with the long flexors when grasping 
movements are performed The small muscles of the fingers have nearly 
the same mass as the extensoi communis, and in all fine movements or 
grasping efforts are taxed seveiety, but their play is under considerably 
more favorable physical relations than that of the extensors, while at 
times they are aided by the long flexois The chief adductor muscle of 
the thumb (extensoi metacarpi pollicis) is particularly powerful, the 
other extensors of the thumb aie verv weak and work undei unfavorable 
physical conditions, but aie suppoited in their action by the strong 
adductoi muscle The muscles of the abductor opponens and flexor 
bievis in the complicated woik thrown on the thumb in manipulation 
are much exerted, so that the effects of over-exertion show themselves 
fiist in this region 

Thus Edinger maintains that the muscle-supply of the arm is 
designed for heavy woik, the muscles of the finger and hand having to 
cany more work than can be expected of them from a consideration of 
their volume and physical action 

Teleky^ reviews foity cases of paialysis with special reference to this 
theorj Thirteen were cases of the antibrachial type of D’jerine- 
Klumpke In only one was the left hand affected, while in all the otheis 
except one, the right hand was affected In it both hands suffered 
These facts are significant in their relation to causation by employment 

The paralysis of the small muscles of the hand is rather characteristic 
in file cutter^ As is known, these muscles are used predominately m 
this trade Goadby and Legg^ have frequently observed the decrease in 
size of the thumb and hypothenar eminences in lead rollers 

Of fourteen painters suffering from plumbism, Teleky- found thiee 
with paralysis of the right foiearm only, while the remainder had both 
aims affected, but always more maiked in the right than in the left 
In some of these, the shoulder muscles were paralyzed, owing to the 
strain caused by raising the arms above the head, or lying on the back 
to paint the running geais of cainages 

Particularly interesting aie the cases cited by Teleky in lead capsule 
polishers These eases showed right-sided paralysis of the adductoi 
bievis pollicis supplied by the median neive, and partial paralysis of the 


2 

3 


releky Deutsch Ztschr f Nervenheilk, 1909, xxxvii 

loadbv and Legg Lead Poisoning and Lead Absorption, Longmans Co 
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long extensors and of the extensor ossis metacarpi pollicis supplied by 
the ladial neive, and in one or two cases complete paralysis of the thenar 
muscles, and adductor, while the extensois of the fingeis and wrists 
were only partially paialyzed This unusual muscular involvement is 
undoubtedly the result of the peculiar movement neeessaiy in polishing 
the capsules of bottles on a revolving spindle, involving especially the 
use of the opponens muscle 

Teleky reports a shoemaker who was poisoned with white lead He 
developed not only paral3^sls of the adductors and extensors of the thumb, 
but also a paralysis of a lower extremity He explains the lattei by the 
exertion thrown on the adductoi muscles of the thigh while holding 
the shoe 

In children affected with lead palsy the frequency of paraplegia has 
often been noticed Both Oliver^ and Goadby and Legg,® as well as 
Escherich and Varioff' make mention of it 

I have to repoit as an oiigmal clinical observation, a painter, who, 
when ptying his trade, had more climbing of ladders and mixing of 
paints to do than actual work with the brush He developed musculai 
weakness and paraplegia some time before developing the wrist diop 

Goadby and Legg® have poisoned eats experimentally, and found that 
the quadriceps extensor muscles supplied by the anteiior crural nerve 
was the first group affected, while soon after the lumbar group of spinal 
muscles was involved This selection is significant, considering that 
these are the groups used in jumping movements 

These observeis have also found hemorrhages in the nerve (anterior 
crural) and consider the minute hemorrhages lesultant on the degenera- 
tion of the venioles to be of pai amount importance in the pathologv of 
lead poisoning 

From these observations from vaiied souices one fact stands out 
rather strikingly — there is no necessary anatomical relationship of the 
paralysis m plumbism, but the functional relationship of involved 
muscles seems essential 

Gombault® sought to explain the paralysis of the hand and arm 
muscles by the absorption of lead through the skin, but this hypothesis 
IS rather absurd when we come to account for the oculai or shouldei 
paralysis, or even that of the lower extiemities 

Quoting from Alice Hamilton’s article,’’^ Labbe is authority for the 
statement that storage battery woikers suffei fiom paralysis of the 
shoulder muscles Bernhardt and Leichtentntt speak of the paralysis 

4 Ohrer “Occupational Pathology ” 

5 Escherich and Variot Joui Am Med Assn , 1911, Ivi, 1240 Quoted in 
Alice Hamilton’s Article 

6 Gomhault Arch Physiol , 1873 

7 Hamilton, Alice Joui Am Med Assn , 1911, Ixi, 1240 
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of the left fingers and. thumb in file makeis -who grasp the chisel with 
the left hand 

Patch® relates a case of marked atrophy and paralysis of the shoulder 
muscles in a man who lan a ""delicatessen "" He was accustomed to do 
much lifting and first noticed that he was not able to lift as much as 
foimerly He presumably contracted the disease by substitution of a 
lead pipe m the connections of his soda fountain C H Snovei® of 
Randolph, H Y , reports a case of a 16-year-old giil who sealed cans in 
a milk condenseiy He says in part 

With aims extended, theie ivas a maiked wrist diop, especially on the right 
The patient used the right hand to use the soldering iron The left hand could 
be extended to bring it in line with the forearm, but no more, and this onlj 
with diflScuIty No extension uas possible in the right hand 

Since the fatigue basis has such logical clinical verification, Di 
Warthin thought it wise to ascertam what could be accomplished experi- 
mentally to validate this claim 


A Determining the Susceptibility of the Frog to Neutral Lead Acetate 

(Frogs 1 and 2) 




irog 

Wt 


Date 


Amount of Lead Given 


1 

30 gm 


11/15/12 One cc sat aqueous neu- 
tral lead acetate into 
dorsal lymph sac 

11 a m All structures in right 
thigh ligated except the 
sciatic nerve 

Frog pithed Reflex irri 
tability soon recovered 


Irog 2 11/15/12 

Wt 27 gm 

2pm 


Tavo c c neutral lead ace- 
tate into dorsal lymph- 
sac 

Same as above 


Notes 


11 30 a m Moderate 
stupor and diminution 
of reflexes 

12 00 m Increase of 
stupoi Glossed reflexes 
negative 

1pm Reflexes dis 
appeared 

1 30 p m Death, as 
determined by cessation 
of circulation m the 
web of the foot Reac 
tion to Aveak induction 
shock Stimulation of 
the right and left gas 
trocnemii, both directlv 
and by AA'^ay of the sei 
atic nerve is positne 

2 15, stupoi and reflex 
diminution 

2 30 marked stupor 
Cross reflexes negative 

3 00, increase of stupor 
3 45 death Reaction to 

weak induction shock 
same as above 


S Patch 
q SnoA er, 


Boston Med and Surg Jour , 1909, 653 
C H Jour Am Med Assn, 1911 Ivi, 1799 


case report 
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In these experiments, frogs -were the animals selected, because they 
were most convenient foi stimulation and because the results of fatigue 
could be accurately computed in a mechanical way It was first necessary 
to determine their susceptibility to a soluble salt of lead, and also inter- 
estmg to determine its sphere of action To this end the Curare Experi- 
ment was performed with lead acetate Briefly, this consists in ligation 
of all the structures of the thigh, excepting the sciatic nerve, and then 
the injection of the poison into the dorsal lymph-sac 

B Determining the Minimum Lethal Dose of Neutral Lead Acetate in 
Frogs Frogs Three to Eight, Inclusive 


series one 



1 

Date 

[ 

Amt of Lead Into 
Dorsal Lymph-Sac 
c c 

Results 

Frog 3 

Wt 28 gm 

11/17/12 

Sam 

0 25 

Negative at any time 

Frog 4 

11/17/12 

Sam 

0 50 

9 a m , stupor and 
diminution of reflex, 
which gradually abated 
and frog finally re 
covei ed 

Frog 5 

11/17/12 

0 75 

9am, stupor and reflex 

Wt 30 gm 

Sam 

j 


diminution 

10 a m , stupor marked 
Condition grew pro- 
gi essively worse until 
3 p m , when frog 
died 


SERIES TWO 


Frog 6 


11/18/12 

05 

Same as 4 

Wt 27 

gm 

Sam 



Frog 7 

11/18/12 

06 

11a m , slight stupoi 

Wt 29 

gm 

1 

Sam 


12 m, inciease 




6pm, dead 

Frog 8 


11/18/12 

07 

10 a m , slight stupoi 

Wt 30 

gm 

1 

Sam 


11 am, maiked stupoi 




3 p m , dead 


0 6 cc satuiated aqueous solution neutral lead acetate is M L D for 30 gra 
frog, 01 0 02 c c per gm 


Two c c saturated solution of lead acetate were so injected into a 
25-gm frog, which killed it in about two hours The animal failed to 
lespond to reflex stimulation, this failure being of gradual development 
Direct application of the electrodes to the muscles provoked a marked 
response Stimulation of the sciatic nerves also produced marked muscular 
contraction At no time were any ciossed reflexes observed This experi- 
ment proves that tlie fiog is susceptible to lead acetate, and that it does 
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C Determining the Results of Fatigue Produced by the Direct Method 
IN Lead Poisoned Frogs Frog 9 Weighed 25 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12 /2/12 

05 

15" 

10% 

Stimulation applied to 

5pm 




right gastrocnemius 





muscle , an electrode 





at either end 

12/ 3/12 


15" 

10% 

Frog shows stupor 

12/ 4/12 

i 



Reacts poorly 

12/ 4/12 


14" 

10% 

Stupor Reacts poorly 

12/ 6/12 




Frog normal again 

12/ 7/12 


15" 

10% 

Induration at electrodal 





points 

12/ 8/12 


13" 

10% 


12/ 9/12 


13" 

10% 

Stupor 

12/10/12 




Frog dead 


Reaction to Induction Shock 

Gastrocnemii, direct application 

Right negative to weak cuirent, positive to strong current 
Left at 10% negative, 9 cm positive 
Sciatics Positive at 10% Right gastrocnemius shows 97 3 gm millimeters 
of work, left, 112 4 gm millimeters of work 


Frog 10 Control to Frogs 9 to 20 Weight 28 Gm 


Dale 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 2/12 


15" 

10% 

Stimulation applied to 

12/ 3/12 

i 

15" 

10% 

right gastrocnemius 

12/ 4/12 


15" 

10% 

an electrode at either 

12/ 6/12 


Rest 


end 

12/ 7/12 ] 


13" 

10% 

Induration at electrodal 





points 

12/ 8/12 


12" 

10% 


12/ 9/12 


14" 

10% 


12/10/12 




Frog killed 


Reaction to Induction Shock 

Gastrocnemii, direct application 

Right at 10% cm weak, at 9 cm stiong 
Left at 12 cm strong 

Right gastrocnemius, 132 6 gm millimeters of work, left, 252 4 gm milli 
meters 
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not peiceptibly affect the mnseles directly, the end plates or the 
peripheral nerves Since the animaFs brain was destroyed by pithing, 
by exclusion we aiTive at the fact that in the frog the spinal cord is the 
sphere of action of lead, given in doses sufficient to produce acute effects 
(See Section A, Frogs 1 and 2, Protocol of Experiments ) 


Frog 11 Weight 30 Grit 


Date 

Amount of 
Lead, c e 

Ajnount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 4/12 

1 

0 35 

12" * 

10 

Direct Stimulation of 



1 


right gastrocnemius 

12/ 5/12 


13" 



12/ 6/12 


12" 

10 

Moderate stupor 

12/ 7/12 1 

1 

12" 1 


Lfoderate stupor 

12/ 8/12 


12" 

10 


12/ 9/12 


12" 

10 


12/10/12 1 




Killed Irog 


Eeaction to Induction Shock 

Gastrocnemii, direct application 

Eight, 10 negative and negative, 8 cm positive 
Left, 10 cm negative, 9 cm positive 

Seiatics Positive at lO^/^ cm Eight gastrocnemius, 107 gm millimeters of 
work, left 117 5 gm mil of work 


Frog 12 Weight 30 Gm 


Date 

Amount of 
Lead c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

1 

Notes 

12/ 6/12 

03 

12" 

10 

Direct stimulation of 

12/ 7/12 


12" 


right gastrocnemius 

12/ 8/12 


12" 



12/ 9/12 


12" 



12/11/12 


12" 

10 


12/12/12 


12" 

10 


12/13/12 


12" 

10 


12/14/12 


12" 

10 


12/15/12 


12" 

10 

Killed frog 


Eeaction to Induction Shock 

Practically the same as in No 11 

Work Eight gastrocnemius 104 3 gm mil , left 119 1 gm mil 


A saturated aqueous solution of neutral lead acetate was used exclu- 
sively in all the experiments, because it is the most soluble salt It was 
always m^ected into the dorsal lymph-sac The weight of the frogs was 
always between 25 and 35 gm 
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It was next necessary to determine the minimum lethal dose of lead 
acetate for these animals (See Protocol of Experiments, Section B, 
Frogs 3 to 8, inclusive ) In Senes I of thiee frogs, Frog 3 was given 
0 26 c c of the lead solution, and the dose progressively increased by an 
increment of 0 25 c c in the lemaming two The first two frogs of the 


Fbog 13 Weight 25 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

N’otes 

12/ 9/12 


13" 

10 

Direct stimulation of 

12/10/12 


13" 

10 

1 ight gastrocnemius 

12/11/12 


13" 

10 


12/12/12 


13" 

10 


12/13/12 

j 

13" 

10 


12/14/12 


13" 

10 


12/15/12 


13" 

10 


12/16/12 


13" 

10 


12/17/12 

03 

13" 

10 


12/22/12 



10 

Frog killed 


Reaction to Induction Shock 

Gastrocneraii, direct application 

Right, 11 cm negative, 10 cm negative, 9% cm positive 
Left, 11 cm negative, 10 cm positive 
Work Right, 119 2 gm mil, left, 173 8 gm mil 


Fbog 14 Weight 30 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 9/12 


12" 

10 

Direct stimulation of 

12/10/12 


12" 

10 

right gastrocnemius 

12/11/12 


12" 

10 


12/12/12 


12" 

10 


12/13/12 


12" 

10 

No symptoms 

12/14/12 


12" 

10 

No symptoms 

12/15/12 


12" 

10 

No symptoms 

12/16/12 


12" 

10 

No symptoms 

12/17/12 

0 35 

12" 

10 


12/22/12 




Killed frog 


Reaction to Induction Shock 


Gastrocnemii, direct application 

Right at 9 cm positive, at 10 cm negative 
Left at 11 cm positive „ „„ „ , 

Work Gastrocnemius, right, 125 2 gm mil , left, 169 7 gm mil 
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Feog 15 Weight 32 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

1 

Notes 

12/ 9/12 


12" 

10 

Direct stimulation of 

12/10/12 


12" 

10 

right gastrocnemius 

12/11/12 


12" 

10 


12/12/12 


12" 

10 


12/13/12 


12" 

10 

Frog died, no result 


Fbog 16 Weight 27 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 9/12 


12" 

10 

Direct stimulation of 

12/10/12 


12" 

10 

right gastrocnemius 

12/11/12 


12" j 

10 


12/12/12 


12" 

10 


12/13/12 


12" 

10 


12/14/12 


12" 

10 


12/16/12 


12" 

10 


12/16/12 

1 

12" 

10 


12/17/12 

04 

12" 

10 

No symptoms 

12/22/12 




Killed frog 


Reaction to Induction Shock 

Gastrocnemii, direct application 

Right at 9 cm positive, at 10 cm negative 
Left at 12 cm positive 

Work Right gastrocnemius, 127 , left, 178 4 

Fbog 17 Weight 28 Gm 


Date 

Amount of 
Lead, c c 

Stimulation 
Amount of 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 9/12 

j 

12" 

10 

Direct stimulation of 

12/10/12 


12" 

10 

right gastrocnemius 

12/11/12 


12" 

10 


12/12/12 


12" 

10 


12/13/12 


12" 

10 


12/14/12 


12" 

10 


12/15/12 


12" 

10 


12/16/12 


12" ! 

10 


12/17/12 

0 45 

12" 

10 


12/18/12 


12" 

10 

Sbght stupor 

12/19/12 


12" 

10 

Recovered 

12/22/12 




Frog killed 


Reaction to induction shock and work practically the same as in Frog 16 
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senes (Frogs 3 and 4) recovered from doses of 0 25 c c and 0 5 c c of 
lead, respectively Number 5 died with a dose of 0 75 c c The frogs m 
Series II (Frogs 6, 7 and 8) received, respectively, 0 5, 0 6 and 0 7 c c 
of lead Numbei 6 recovered and Nos 7 and 8 died from the effects of 
the lead Thus 0 6 c c is the M L D of neutral lead acetate for a 30-gm 
frog, or 0 02 c c per gram 


Fbog 18 Weight 33 6m 


Date 

Amount of 
Lead, c c 

1 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 9/12 


12" 

10 

Direct stimulation of 

12/10/12 

1 

12" i 

10 

right gastrocnemius 

12/11/12 


12" 1 



12/12/12 


12" 1 



12/13/12 


12" j 



12/14/12 1 

1 

12" i 



12/15/12 1 


12" 



12/16/12 


12" 

10 


12/17/12 

0 48 

12" 

10 


12/18/12 


12" 

10 

Progressive stupor 

12/19/12 


12" 

10 

Progressive stupor 

12/20/12 


12" 

10 

Progressive stupor 

12/21/12 



10 

Frog killed 


Reaction work practically the same as in Frog 16 


Frog 19 Weight 31 Gm 


Date 

1 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 9/12 

^ 1 

12 " 

10 

Direct stimulation of 

12/10/12 

1 

12 " 

10 

right gastrocnemius 

12/11/12 


12 " 

10 


12/12/12 


12 " 

10 


12/13/12 


1 12" 

10 


12/14/12 


12" 

10 


12/15/12 


12" 

10 


12/16/12 

i 

12" 

10 


12/17/12 

05 

1 12" 

10 


12/18/12 


1 12" 

10 

Progressive stupor 

12/19/12 

i 

1 


Frog killed 


Reaction to even strong induction slight, and work practically ml 


In Section C of Expermient Protocol, it is seen that 12 frogs were 
used With these the diiect method of stimulation prevailed throughout 
This method consisted m the direct application of the electiodes at either 
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end of the gastrocnemius muscle To obtain a suitable place for the 
electrodes, the muscle was denuded over an area of approximately 6 mm 
square This method was open to the objection that after varying 
lengths of time, the muscle underwent changes deleterious to the success 
of the expeiiments, as it afterward proved Petechiae, induration and 
occasional' sloughing occurred at the eleetrodal points It is self-evident 
that the more serious change would disqualify the muscle, and pre- 
sumably the slighter changes were without favorable influence 

Feog 20 Weight 30 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

12/ 9/12 


12" j 

10 

Direct stimulation of 

12/10/12 


12" 

10 

right gastrocnemius 

12/11/12 


12" 1 

10 


12/12/12 


12" ! 

10 


12/13/12 


12" 

10 


12/14/12 


12" 

10 


12/15/12 


12" 

10 


12/16/12 I 


12" : 

10 


12/17/12 ! 

0 5 

12" 

10 


12/18/12 


12" ! 

10 

Marked stupor 

12/19/12 




Frog killed 


Reaction to induction shock negative, even to strong current Work prac- 
tically ml 


D Determining the Results of Fatigue bt the Indirect Method in Lead 

Poisoned Frogs 

Frog 21 Weight 28 Cm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

1/ 5/13 


12" 

8-9 

Left gastrocn emius 

1/ 6/13 


12" 

8-9 

fatigued by indirect 

1/ 7/13 


12" 

8-9 

method No symp- 

1/ 8/13 


12" 

8-9 

toms at any time 

1/ 9/13 


12" 

8-9 


1/10/13 


12" 

8-9 


1/11/13 


12" 

8-9 


1/12/13 


12" 

8-9 


1/13/13 

0 125 

12" 

8-9 


1/17/13 




Frog killed 


Reaction to Induction Shock 

All muscles react well at 12 cm 
Work Right gastrocnemius, 265 4 gm mil , left, 27 8 gm mil 
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Recourse to Section C shows considerable variance in the energy of 
the right and left gastrocnemii of Frog 10 As this annual had no lead 
at any time, we are forced to the conclusion that the diminution m the 
force of contractile power of the right or stimulated muscle is mostly the 
result of its damage during fatigue This is made quite manifest when 
we consult Section D, Frog 34 (control) , here the disparity m muscular 
power IS so slight as to be irrelevant 


Frog 22 Weight 28 Gm 


Date 

Amount of 
Lead, c c 

1 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

1/ 5/13 

1 

15" 

8-9 

Left gastrocne mius 

1/ 6/13 


12" 

8-9 

fatigued by indirect 

1/ 7/13 


15" 

8-9 

method No symp- 

1/ 8/13 

1 j 

15" 

8-9 

toms at any time 

1/ 9/13 


15" 

8-9 


1/10/13 


15" 

8-9 


1/11/13 


15" 

8-9 


1/12/13 


15" 

8-9 


1/13/13 

0 175 

15" 

8-9 


1/17/13 


j 


Frog died 


Frog 23 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

2/ 5/13 


13" 

8-9 

Left gastrocne mius 

2/ 6/13 


13" 

8-9 

fatigued by indirect 

2/ 7/13 


13" 

8-9 

method 

2/ 8/13 


13" 

8-9 


2/ 9/13 


13" 

8-9 


2/10/13 


13" 

8-9 


2/11/13 


13" 

8-9 


2/12/13 


13" 

8-9 


2/13/13 


13" 

8-9 


2/14/13 

0 125 

13" 

8-9 


2/17/13 


13" 

8-9 


2/18/13 


13" 

8-9 


2/24/13 




Frog killed 


For curve of ivork see chart (Fig 2) 

Work Eight gastrocnemius, 276 7 gm mil, left, 13 gm mil 


Although in this senes the fatigued muscle m the lead-poisoned frog 
showed considerable diminution m eneigy the qualitative difference is 
not decisive when compared with the control frog The gastrocnemii of 
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Nos 9, 11, 13, 14 and 16 show, lespectively, 97 3, 107, 119 2, 125 2 and 
127 gm millimeteis of woik as against 132 gm millimeters for control 
Flog 10 Since Frog 9 was not killed, post mortem changes can par- 
tially account for its decrease, particularly when the opposite leg showed 
a corresponding change 


Feog 24 Normal Control Weight 32 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

] 

Position of 
Secondary 
Coil, cm 

Notes 

2/ 5/13 


13" 

8-9 

Left gastrocne mnis 

2/ 6/13 


13" 

8-9 

stimulated by indirect 

2/ 7/13 


13" 

8-9 

method 

2/ 8/13 


13" 

8-9 

No symptoms 

2/ 9/13 


13" 

8-9 

No symptoms 

2/10/13 


13" 

8-9 

No symptoms 

2/11/13 


13" 

8-9 

No symptoms 

2/12/13 


13" 

8-9 

No symptoms 

2/13/13 


13" 

8-9 

No symptoms 

2/14/13 


13" 

8-9 

No symptoms 

2/17/13 


13" 

8-9 

No symptoms 

2/18/13 


13" 

8-9 

No symptoms 

2/24/12 




Frog killed 


For results, see curve and plot (Fig 3) 

Work Right gastrocnemius, 287 gm mil , left, 274 5 gm mil 


Frog 25 Weight 33 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

2/ 6/13 


] 

13" 

8-9 

Left gastrocne mius 

2/ 7/13 


13" 

8-9 

stimulated by indirect 

2/ 8/13 


13" 

8-9 

method 

2/ 9/13 


13" 

8-9 


2/12/13 


13" 

8-9 

No symptoms 

2/13/13 


13" 

8-9 

No symptoms 

2/14/13 


13" 

8-9 

No symptoms 

2/15/13 


13" 

8-9 

No symptoms 

2/16/13 

0 175 

13" 

8-9 

No symptoms 

2/20/13 




Flog killed 


Reaction to Induction Shock 

Both gastrocnemii leact well at 12 cm 
Work Right gastrocnemius, 270 5 gm mil , left, 39 3 gm mil 


An analysis of Section D gives an entirely different view Here most 
of the results are clear and decisive There can he no question that the 
disparity in the contractile power of the muscles of Frogs 21, 23, 25 and 
26 IS not due to the lead, except as the fatigue facilitates the pathological 
changes which chaiacterize it 
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By leference to the plotted cuive (Big 1) repiesenting the expen- 
111 ent with Biog 83^ it is obvious that its light gastiocnemius was 
able to do 276 7 gm imllimeters of woik The left, or fatigued gastroc- 
nemius, was able to perform but a scant ] 3 gm millimeters of work It 
IS self-evident that the former is able to do 21 24 times the work done 
by the latter 

Fbog 2G Weight 31 Gm 


Date 

1 

Amount of 
Lead, c c 

Stimulation 
Amount of 

Position of 
Secondary 
Coil, cm 

Notes 

1 

2/ 7/13 

1 

14" 

8-9 

Left gastrocne mius 

2/ 8/13 

i 

14 " 

8-9 

fatigued by indirect 

2/ 9/13 


14 " 

8-9 

method 

2/10/13 


14" 

8-9 


2/11/13 


14" 

8-9 ! 


2/12/13 


14" 

8-9 


2/13/13 


14" 

8-9 


2/14/13 


14" 

I 8-9 


2/15/13 

02 

14" 

8-9 

Ve ryslightreflei 





diminution 

2/16/13 

1 

14" 

8-9 

Frog recovered 

2/21/13 

1 

1 

j 


Frog killed 


Eeaction to Induction Shock 

Both gastrocnemii react well at 12 cm 
Work Eight gastrocnemius, 221 7 gm mil , left. 17 8 gm mil 


Fboq 27 Weight 31 Gm 


Date 

1 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

2/18/13 


12" 

8-9 

Left gastrocnemius 

2/19/13 


12" 

8-9 

fatigued by indirect 

2/21/13 


12" 

8-9 

method 

2/22/13 


12" 

8-9 


2/23/13 


12" 

8-9 1 


2/25/13 


12" 

8-9 


2/26/13 


12" 

8-9 


2/27/13 


12" 

8-9 


2/28/13 

0 225 

12" 

8-9 


3/ 2/13 


12" 

8-9 

Slight decrease m 





reflexes and stupoi 

3/ 4/13 

i 

12" 

8-9 

Frog killed 


Eeaction to Induction Shock 

Both react well at 12 cm , „ „ , 

Work Eight gastrocnemius, 245 3 gm mil , left gastrocnemius, 17 9 gm mil 


In Older to eliminate the effect of the stimulation and lead separately, 
a normal frog of the same weight as Wo 23 was given the same amount 
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of stimulation without the lead This is Fiog 24 (Fig 2) By calcula- 
tion it IS seen that the right gastrocnemius has 287 gm millimeteis of 
work, while the left or fatigued gastrocnemius has 274 5 gm millimeters 
This leaves a ditfeience of 12 5 gm millimeters to account for the effect 
of fatigue m a normal frog, and 10 3 gm millimeters for the effect of the 
lead These are insignificant diffeienees, particularly the 10 3 gm milli- 
meters which could be physiologic in character 

Frog 28 Weight 30 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

2/16/13 


13" 

8-9 

Left gastrocne mius 

2/17/13 


13" 

8-9 

fatigued by indii ect 

2/18/13 


13" 

8-9 

method 

2/19/13 


13" 

8-9 


2/20/13 

j 

1 13" 

8-9 


2/21/13 


13" 

8-9 


2/24/13 


13" 

8-9 


2/25/13 


13" 

8-9 


2/26/13 

0 25 

13" 

8-9 


3/ 2/13 


13" 

1 

8-9 

Frog killed 


Reaction to Induction Shock 

Both gastrocnemii react well at 12 cm 
Work Eight gastrocnemius, 195 6 gm mil , left, 19 8 gm mil 


Frog 29 Weight 33 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

3/ 3/13 ^ 


i 

12" 

8-9 

Left gastrocne mius 

3/ 4/13 


12" j 

8-9 

fatigued by indirect 

3/ 5/13 


12" 

8-9 

method 

3/ 6/13 


12" 

8-9 


3/ 7/13 j 


12" 

8-9 


3/ 8/13 


12" 

8-9 


3/ 9/13 


12" 

8-9 


3/10/13 


12" 

8-9 


3/11/13 


12" 

8-9 


3/12/13 

03 

12" 

8-9 

Slight stupor 

3/14/13 


12" 

8-9 

Recovered fully 

3/15/13 


12" 

8-9 


3/16/13 


12" 

8-9 


3/16/13 


12" 

8-9 


3/20/13 




Frog killed 


Reaction to Induction Shock 

Both gastrocnemii react well at 12 cm 
Work Right gastrocnemius, 203 6 gm mil , left, 21 7 gm mil 
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Fkog 30 Weight 32 Gm 


Date 

Amount of 
Lead, e c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

3/ 8/13 


12" 

8-9 

Left gastrocne mius 

3/ 9/13 


12" 

8-9 

fatigued by indirect 

3/10/13 


12" 

8-9 

method 

3/11/13 


12" 

8-9 


3/12/13 


12" 

8-9 


3/13/13 


12" 

8-9 i 


3/14/13 

1 

12" 

8-9 


3/15/13 


12" 

8-9 


3/16/13 


12" 

8-9 


3/17/13 

0 35 

12" 

8-9 

Well developed stupoi 





followed Pb injection 

3/20/13 


12" 

8-9 

Frog recovered only par- 





tially, at times fairly 





irritable, at other 





times listless 

3/21/13 




Frog killed 


Reaction to Induction Shock 


Direct application 

Eight at 12 negative, at 11 5 positive 
Left at II negative, at 10 6 positive 
Work Eight gastrocnemius, 183, left, 21 2 


Fbog 31 Weight 29 Gm 





Position of 



Amount of 

Amount of 

Secondary 
Coil, cm 

Notes 

Date 

Lead, c c 

Stimulation 


3/15/13 


12" 

8-9 

Left gastrocnemius 

3/16/13 


12" 

8-9 

fatigued by indirect 

3/17/13 


12" 

8-9 

method 

3/18/13 


12" 

8-9 


3/19/13 


12" 

8-9 


3/20/13 


12" 

8-9 


3/21/13 


12" 

8-9 


3/22/13 


12" 

8-9 


3/23/13 


12" 

8-9 

Marked stupor and 

3/24/13 

0 45 

12" 

8-9 




reSex diminution fol- 
lowing Pb injection 
Recovery only slight, 
and then seemed to 







grow progressively 





worse 

3/28/13 




Frog killed 


Reaction to Induction Shock 
Direct application 

Eight gastrocnemius at 10 negative, at 9 positive 
Left sastrocnemius at 8 negative, at 7 positive 
Work Right gastrocnemius, 141 3 gm mil , left, 15 4 gm mil 
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Frogs 29, 30, 31 and 32 show the effect of increasing dosage 
pioducing stupor and diminution of leflexes The confusion in the 

results of the quantitative work is also noted Although the fatigued 

muscle shows a very marked decrease in energy, the unfatigued muscle 
IS also affected so markedly that one is at a loss to know how much to 
attribute to fatigue and how much to the lead itself This confusion is 
averted in the frogs referred to above 

In this work, two methods of fatigue were used First, a direct 
application of the electrodes to the muscles, and second, an electrical 
irritation of the skin which produced a muscular contraction resulting 
from the frog’s attempt to get away from the irritation This was 
accomplished by an apparatus which I devised for the purpose, the 
details of which appear later 


Feog 32 Weight 32 Gm 


Date 

Amount of 
Lead, c c 

Amount of 
Stimulation 

Position of 
Secondary 
Coil, cm 

Notes 

3/20/13 


12" 

8-0 

Left gastrocn emius 

3/21/13 


12" 

8-9 

fatigued by indirect 

3/22/13 


12" 

8-9 

method 

3/23/13 


12" 

8-9 


3/24/13 


12" 

8-9 


3/25/13 


12" 

8-9 


3/27/13 1 


12" ! 

8-9 


3/28/13 


12" 

8-9 


3/29/13 


12" 

8-9 


3/30/13 

0 53 

12" 

8-9 


3/31/13 




Marked stupor which 





grew progressively 





worse Reflexes also 





diminished markedly 





Frog will probably 





not recover 

4/3 /I 3 




Frog killed 


Reaction to Induction Shock 
Direct application 

Right gastrocnemius at 7 negative, at 6 positive 
Left gastrocnemius at 4 negative, at 3 positive 
Work Right gastrocnemius, 75 4 gm mil , left, practically ml 

The first method was fairly successful in the gross, but was a com- 
plete failure when accurate methods weie used This is clearly shown 
by the experiments in Section C of the Protocol of Experiments The 
reasons for the inefficiency of this method have already been explained 
The abandonment of this method resulted in the adoption of another, 
Avhich makes use of an appaiatus which the subjoined diagram will 
render obvious (Fig 3) 
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binding post A peoe rf' twinf *i°® it to the 

It IS not well to have it lonsei is t* ifhich is about an inch long 
Some suitable electrode is pfaced 

nemins at A, the hei4 of « eW ? , “ *'*'= ‘he gastroc- 

tm-foil which suppoits it at T P ™ ** I'offnlated by a piece of 



One electiode is fastened to the fiont leg of the frog by a curved 
copper wire, and the current is closed by the contact of the electrode witli 
the tendon of the gastrocnemius The resulting irritation causes a 
sudden contraction of the leg and thigh muscles, which break the circuit 
by the withdiawal of the leg from the electrode The gastrocnemius is 
invariably contracted by this movement, as can be evidenced by palpation 
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The break in the circuit almost instantly permits the leg to drift back 
on the point of the electrode when the contraction is repeated In a 
normal 25-gm fiog, this rate may run from three to four pfer second^ 
but it IS not long before the rate becomes rapidly decreased to one or 
two per second 

It IS entirely self-evident that the greatest advantage accruing from 
this simple device is the one which makes use of fatigue of muscles by 
mechanical means, even though the induction coil is used as the exciting 
factor 



Fig 2 — Explanation of Plotted Curve (Fiog 24 ) Tlie curve represents 
the results obtained by the indirect form of stimulation in a control frog which 
had received no lead The curves to the right of the abscissa represent the right 
leg, and those to the left, the left leg There is no magmfication of any curve 
on either side Tracings A and B represent the excursion of the left and right 
gastrocnemii muscles, respectively, under stimulus of a weak induction shock, 
and weighted with loads of from 10 to 80 grams 

This method besides being admirably adapted to our purpose, in that 
it imitates fairly perfectly the actual contraction of human muscles in 
doing work, requires no additional apparatus The pure electrical form 
of stimulation, even when perfect, is open to the objection that it does 
not parallel closely the mechanical form used by man m his labor Its 
applicability to our proposition is well illustrated by the fact that muscles 
of a normal frog do not lose perceptibly in power when stimulated in this 
way, when sufficient tune is given for recovery from the fatigue induced 

The experiments showed tlie importance of the administration of a 
subphysiological dose of lead Good results were almost always obtained 
when the doses were not so large as to produce stupor and marked dimm- 
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ution of reflexes to mechanical and electrical stimulation In case this 
caution IS not observed, the non-stimulated as well as the stimulated 
muscles show loss of power 

As m. all woik of this nature, a teiminal recovery mterval should be 
observed In order to determine whether the loss of power in a muscle 
IS permanent, the effects of ordinary fatigue should be permitted to 
disappear In muscles fatigued only once a da}^, forty-eight to seventy- 
two houis suffice admirably for such restoration Possibly less time 
would do, but a generous margm was left so it would not be possible to 
account for the loss of powei in the lead frog from the effects of the 
stimulation 



Fig 3 — Diagram representing tlie indirect method of inducing fatigue of 
muscle Foi e^-planation see text 


summary 

1 That the quantitative differences between the amount of woik 
done by the fatigued and non-fatigued leg m a lead-poisoned frog is not 
conclusive when the direct application of the electric current is used for 
muscle fatigue 

3 No conclusive quantitative differences are observed where large 
enough doses of the metal are given to produce stupor and marked 
diminution of reflexes 

3 That these experiments, as worked out by the mdirect method ot 
fatigue production, are conclusive evidence of the valid.!,- of Ed.nger’s 
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contention, viz , that lead in itself has no predilection for any gronp of 
mnscles except as that choice is made possible by their over-nse Fatigue 
IS, therefore, the mam factor in the localization of lead palsies 

The Haivard induetorium, manufactured hy the Harvard Apparatus Co, was 
used in all the experiments The battery was a single Columbia dry cell 

Acknowledgement is made to the Department of Physiology, to Dr Lombard, 
Di Cope and Mr F T Munson for apparatus loaned me, and to Dr Waithin 
for the suggestion of the problem and his control of the investigation . 



ON THE EEIHSPIRATIOH OP EXPIRED AIR ^ 


THOMAS R CROWDER, MD 

CHICAGO 

I desire to record a phenomenon and to discuss its significance 
Tlie phenomenon is, the immediate leinspiration of a portion of our 
expired air This occurs quite commonly — so commonly, in fact, that 
it IS an accompaniment of respiiation during the ma^or part of the lives 
of many people, and during a large part of the lives of practically all 
The observation of this phenomenon is not new Lehmann^ and 
Heymann- have each lepoited a small group of experiments, in winch 
they determined the carbon dioxid of the inspired air, compared this 
with the carbon dioxid of the surrounding air, and from the diffeience 
computed the proportion of the breath which was reinspired The pro- 
portion vaiied greatly It was sometimes more than 6 per cent , it 
diopped to zero in the open air and m a breeze of 3 meters per second 
A few years ago this sub 3 ect attracted my attention in connection 
with certain studies of ventilation The experiments of Lehmann and 
Heymann demonstrated little except that reinspiration may and does 
occur It seemed desirable to carry the obseivations further As oppoi- 
tunity arose this has been done, and an attempt has been made to 
determine some of the factors controlling this phenomenon The work 
has included the analysis of about 900 samples of inspired air 


METHODS 

In order to find what proportion of the expired air re-enteis the 
respiratory tract with the succeeding inspiration, it is necessary to collect 
samples of the inspired air as it enters the nasal passages and subject 
them to analysis The only difficulty in collecting the samples arises 
through the possibility of including a portion of the expired air as it 
leaves the nasal passages This is likely to occur if the taking of the 
sample is not accurately timed to the inspiratory period, collection must 
begin after inspiration is established and must end before expiration 
has begun 

Experiments such as these are more readily carried out on oneself 
than on a second person, because of the easier identification of the 


* Submitted for publication July 15, 1913 , , ,, t. ^ 

1 Lehmann Der Kohlensauregebalt der Inspirationsluft im Freien und im 

Hermann ^ Ser ^de^n’Emfluss^l^ieder eingeathmeter Expirationsluft auf 
die Koblensaure Abgabe Ztsclir f Hyg , 1905, xhx, 388 
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lespiiatoiy peiiocls With a little piactice one may become peifectly 
conscious of the beginning and end of inspiiation, and with a little moie 
practice may leain to bung the inlet tube of a bellows into the nasal 
oiifice at the piopei moment and to lemove it at the propei nuoment, 
using one hand meanwhile to manipulate the bellows By -aiianging foi 
an air cuiient that will immediately eariy away all of the expired an, 
a series of controls may be lun that Avill show cleaily when the technic 
IS masteied The observations heiewitli lecorded weie made by the 
author on himself Those made by the expeiimenters above leferred to 
weie made on a second person 

After vaiious tiials of moie oi less complicated apparatus, a very 
simple plan of collecting samples was adopted The oidmaiy Paquelin 
cautery bulb was found to answer very well foi this puipose after a little 
alteration The only necessary alterations aie a long rubbei tube with 



Fig 1 — Apparatus used in collecting samples of air A, intake tube, B, 
bellows, B', the elastic bag, 0, outlet tube 

a glass tip attached to the bellows intake, and a pmch-cock applied to the 
outlet tube fiom the elastic bag A somewhat largei and heaviei bag 
than that ordinal ily supplied with the cauteiy was used, but the ariange- 
meiit -^ids essentially the same The accompanying photogiaph (Fig 1) 
shows the appaiatus used, and the case foi collecting and cairying 
samples and recoids A is the intake tube, B is the bellows, B' the 
elastic bag and 0 the outlet tube 

After inspiration is well established the glass inlet tube is brought 
3ust within the nasal orifice — oi between the parted lips during mouth 
breathing — and the bellows given two or three quick compressions The 
inlet tube is removed during expiration and is again brought into place 
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dining the succeeding inspiiation This is lepeated duiing eight oi 
ten bieathsj oi until about 1,000 cubic centiineteis of an ha\e been 
collected in the bag The outlet tube is then tin list to the bottom of a 
two-ounce bottle and the an iiin tlnough it bj’- releasing the pinch-cock 
This leaies the sample of an in the bottle On withdiaual of the tube a 
waxed glass stopper is inseited and tlie seal made peifect If tlie bottle 
IS clean and diy Iheie ivill be no change in the an it contains foi a 
foitinght or inoie The samples aie then tiansfeired undei a saturated 
solution of sodium chloiid to a Pettei son-Palmqinst apparatus and 
anal 3 'zed for caibon dioxid The details of the various steps, the neces- 
saiy piecautions and the aecinaey of the metliod hare been pievioush 
discussed ® 

At the time the samples of inspned an aie collected, samples of the 
suiioiinding an must also be taken The amount of immediate leinspiia- 
tion IS measuied by the difference in the caibon dioxid content of these 
two In the accompanying charts this difference is shoiin dnectlv, and 
the proportion of CO^ in the an is expressed in ten-thousandths of the 
whole volume In the text, leinspnation is referred to in terms of pei 
cent , that is, the piopoztion of expned an whicli is mixed with tire 
inspired air and which is theiefore leinhaled aftei it has been once 
expelled It may be assumed that foi eieiy 4 5 per 10,000 difference 
between the COo of the inspned an and of the siniounding an, 1 pei 
cent of the expned an is being leinspiied This is denied by a veil 
simple computation, based on the fact that the expned an contains 
about 450 volumes of CO_, in 10,000 volumes of an It will of course 
vary a little from this figure, which is an average, but the laiiatioii uill 
be relatively small and will affect the computation only slightl}’- 

It should be reraembeied that the noimal an contains 3 5 to 4 parts 
of COo pel 10,000 All above this is contamination, the result of lespiia- 
tion, burning lights, oi other chemical piocesses In the majoiih of 
instances all CO„ above 4 per 10,000 lepiesents lespiiatoiv contamina- 
tion, and in a bioad sense all CO, aboie 4 pei 10,000 in the inspned an 
generally represents leinspiration But foi oui present purpose we shall 
considei only the CO, which is in excess of the amount contained in the 
general surrounding an , for it is this poition only which lepiesents that 
strictly local contamination which leads to the immediate leinspiration of 
oui exhalations now undei discussion 

BESULTS 

It uas soon noticed that, uiidei appaiently fixed conditions, repeated 
observations of the inspired air would alwa 3 ^s show considei able laiiation 

3 Crowder A Study of tlie Ventilation of Sleeping Cars, The Abchives 
IlVT, Alnp, 1911, vu, 85 
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111 the COo content All expenments were tlieiefore carried out with 
serial tests, including fiom 4 to 24 successive samples, in order to arrive 
at averages The individual observations of such series can be made at 
about one minute intervals when one is standing or sitting They will 
fall a little farther apart when lying down, or under any ciicumstances 
which occasion interference with the easy manipulation of the appaiatus 
and the records 

It proved desirable to altei the surrounding conditions, especially 
the amount of ventilation, at the same time and place, or to induce 
aitificial an currents, and observe the effects on the phenomenon under 
investigation by running parallel series of tests The effect of changes 
of position, body motion, different types of breathing, different tempera- 
tures and different degi ees of contamination of the surrounding an were 
also investigated, and finally, the question of whether or not remspiration 
takes place in such half-sheltered places as the sleeping-porch and in the 
open air The results will follow m order Unless otherwise specified, 
nasal breathing is referred to 


THE AIR ABOUT THE FACE 

If the conditions are such that remspiration can take place the air 
about the face will necessaiily be found to contain more COg than the 
sill rounding air It is on the fact that the expired air is not immediately 
lemoved oi disseminated that remspiration depends That it remains 
about the face foi an appreciable interval, is easily demonstrated This 
IS illustrated in Figuie 2 

The heavy horizontal line in this, as m succeeding charts, represents 
the COo m the general air of the loom It was constant to within half 
a point of 4 5 pei 10,000 This half a point m 10,000, or 1 in 20,000, 
may be considered as about the maximum necessary error of the deter- 
minations The sei les of samples represented by the upper curve, marked 
A, weie taken close to the nose while holding the breath at the end of 
normal expiration, they contain an average of 3 8 per cent of expiied 
an Those represented by the lower curve, marked B, were taken at the 
same place while holding the breath at the end of normal inspiration , 
they contain an avoiage of 0 9 per cent of expired air The time occupied 
ill collecting each of these samples was about five seconds Those repre- 
sented by the middle curve, maiked G, were taken fiom within the nasal 
orifice during inspiration, they, theiefore, show the contamination of 
the inspired air, which aieraged 7 5 more CO, per 10,000 than was 
contained in the air of the lOom This excess of COo repiesents 1 7 pei 
cent of expired air, we theiefore have foi this series 1 7 per cent of 
leinspiiation The aveiage for each senes is shown by the short hori- 
zontal line at the right This experiment was carried out while ^ittins: in 
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a well- ventilated room of 3,000 cubic feet capacity, having thiee windows 
and three doors The temperature vas 73 T 

A little vanation of the last experiment will show that this local 
contamination i caches a considerable distance below the face, and that 
it decreases with increasing distance Figure 3 illustrates some of the 
lesults with such a variation At A is shown a series of samples taken 
close to the body and 6 to 8 inches below the nose during expiration, 



Pier 2 ( Exper 22 ) SllO^^ mg contamination of the air about the face while 

holding the breath after expiration (A), after inspiration (B), and of the 
inspired air (C) 

they contain an aieiage of 4 6 per cent of expired air At B is shown a 
senes taken 12 to 15 inches below the nose duiing expiiation, and they 
contain 2 8 per cent of expiied an At C the samples were taken 6 to 8 
inches below the nose during inspiration, and contain 0 7 per cent of 
expired air At D the samples were taken 12 to 15 inches below the nose 
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duiing luspnatioii and the contamination ainoiints to onh 0 t pev cent 
of expiied an These tests Aveie made in the same loom as the aho\e. 
when theie iias a measnicd aii-siipph in excess of 15,000 enhie feet per 
honi enteiing thioiigh an open tiansom The tempeiatnie A\as 00 T. 

The conditions noted in Fignies ? and 3 aie fundamental to onv 
investigation The contamination may be tiaced further, it tends to 
disappeai lapidlv both in the time and space i elation 'Fhe goneial fact*? 
aie not paiticnlaih now oi stiange The^ nun beioughh deteimiucd In 
any one who will natch the coiiise of smoke blonn thiongli the nostrils 



Fig 3 — \E\ps 8 and 0) Sliowing contain mat) on of Hie an (I In 8 inclioa 
and 12 to IS inches below the nose dining e\piiatioii (/I and //), and at llie 
same places during inspiiation (0 and D) 


THE EFFECT OF TEMJ’EIMTIITIE 

It has been sometimes stated bofoie scientific sociohcs that when tbc 
sunonnding air is cool — below 00 F oi tlicicnboiits — (In' expired iiir 
will use out of tbe bieatbing Jione on aeeoiinl of its lower speeifie /piivily, 
and remspiration will not take plaee 'Pile reaiillR hIiowii in the hint 
cbait nould seem to ra'-t a doubt on the liieoielieiil eurreet iichh oI (hi“ 
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View Those making the statement have failed to consider the downward 
propulsion of the expired air from the naies, that it takes on a cone- 
shaped expansion^ a part of which lies quite close to the body, and that 
convection cui rents tend to carry this part upward over the face Inspira- 
tion succeeds expiiation almost immediately, any upward current would 
therefore have to he lery rapid in order to carry this air away before the 
lattei piocess begins Convection currents caused by the heat of the 
body, instead of being rapid, aie just the opposite 

That leinspiiation undoubtedly does take place at temperatuies much 
below 60 F will be seen from the two series of observations illustrated 
in Figure 4 That at the left ivas made in a large room of 16,000 cubic 
feet, with windows on three sides It had a tempeiature of 50 F, and 



Fig 4 — (Exps 24 and 27 ) Showing the inspired an while standing in a 
room of 16,000 cubic feet at 50 F (at the left), and in a room of 1,500 cubic 
feet at 43 F (at the right) 

the leinspiration averaged 2 1 per cent That at the right was made in 
a small room of 1,500 cubic feet The temperature was 43 F and the 

leinspiration also averaged 2 1 per cent 

If a low tempeiatuie has any effect it tends to inciease remspiration 
Within ceitain limits I believe that it does this, though I am not pre- ' 
pared to show that it has any constantly appieciable effect Figuie 5 
shows an attempt to make the comparison in a cold and in a warm an 
with otherwise uniform conditions The expeiiment was earned out m 
a small bedroom of some 1,200 cubic feet capacity The windows and 
doois were closed All samples weie taken while standing peifectly free. 
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about the middle of the loom Each series runs through about half an 
hour’s time Eoi that shown on the left the tempeiatuie was 34 F and 
the leinspiration amounts to 2 3 per cent Foi that shown at the right 
the tempeiature was 70 F and the remspiration amounts to 2 per cent 
The former was taken late at nighty the latter late the next morning 
The changing CO, in the general air of the loom may be accounted foi 
by the presence of the expeiimenter, and the diffeience in the COo of 
this an foi the two sei les by pure air entering from without through the 
wmdow devices m the firsts whereas in the last the curients were 
revel sed and air was entering from the hallway aftei being alieady 
slightly contaminated In each instance the room had been unoccupied 
befoie the beginning of the experiment 



Fig 5 — {E\p 23) Slioi\ing the inspired air in a loom with a temperatuie 
of 34 F (on the left), and in the same room with a temperature of 70 F (on 
the right), all other conditions remaining essentially the same 


THE EFFECT OF VENTILATION CUEEENTS 
It IS reasonable to suppose that the greater the volume of air supplied 
to a loom the less evident will be the phenomenon of remspiration, 
because of the gieatei motion impaited to the air of the confined space 
In a measuie, this supposition is correct, but it does not follow that a 
laige an -supply to a loom will entiiely ple^ent the immediate reiuspira- 
tion of expired air by the occupants Theie aie a number of factois 
determining the limits of air-suppl}" which will be found of too much 
impoitance to permit of a sufficient Aentilation to control the matter 
entirely, oi even to limit it in a ■'ery marked degree 
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Hie results of an expeiiment earned out m a small bedroom of about 
1,000 cubic feet, and also at the low temperature of 43 F , are illustrated 
in Figiiie 6 The room has one window and two doors A strong wind 
was blowing inthout The series shown at the left was taken with closed 
doors and window , in that at the right the window ivas raised so as to 
give one squaie foot of opening, and admitted air at the rate of 16,500 
cubic feet pei hour — enough to accomplish in excess of sixteen complete 
changes each hour In the first, the reinspiration amounts to 1 9 per 
cent , 111 the second it fell to only 1 4 pei cent Most of the samples of 
air weie taken while standing, a few while sitting on the edge of the 
bed, which was about 6 feet from the window It is probable that there 
is a slight error in determining the CO, m the an of the room for the 



Fig 6 — ( Exp 4 ) Showing the inspired air in a room with a small an 
supply and in the same room with a large an supply 

second series, and that the base line should be dropped to 4, which would 
make the difference between the two gioups still less striking 

The difference produced b}'^ a large air-supply, or even by a moderate 
one, IS, in many instances, more marked than in the above experiment 
When one sits or stands dii ectly between the inlet and the outlet, and the 
air-supply is large, the proportion of the breath which is reinspiied may 
drop to nearly nothing Two expeiiments made undei these conditions 
in a room of 3,000 cubic feet with a temperature of 70 are shown in 
Figure 7 In each instance the air-supply came in through a door fiom 
the adjacent hallway and left through a window diagonally opposite It 
was measured at the exit The samples of inspired air were taken while 
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Sitting directly in the line between door and window, and twice as fai 
from the former as from the latter In the curve marked A the air-supply 
was at the rate of 28,000 cubic feet per hour, m the curve marked B it 
was at the late of 63,000 cubic feet per hour The average reinspiration 
IS 1 1 per cent for A, and 0 6 per cent for B The base line representing 
the COp in the general air of the room was not the same in these tivo 
instances, but m the chart the curves are adjusted to a common base of 
5, m order to make a clear and accurate comparison 

On another occasion the same loom was found to be receiving 324,000 
cubic feet of air per hour through the open door This was leaving 
through the open window as before It was possible in this instance to 
measure by the anemometer the air current in the position occupied foi 



Fig 7 — (Exps 18 and 21) Showing the inspired air while sitting directly 
Iietween inlet and outlet of a room of 3,000 cubic feet, ventilated by 28,000 cubic 
feet of air per hour {A), and by 63,000' cubic feet per hour {B) 

the tests This was found to be about 120 feet per minute The negative 
results of the reinspiration test are shown in the curve marked A in 
Figure 8 But on moving about 6 feet out of the direct line between the 
door and the window the result was changed to a reinspiration of 0 6 pei 
cent , as can be seen in the curve marked B in the same chart In this 
latter position the anemometer moved irregular^, sometimes forward 
and sometimes backward The amount of air being supplied during thi= 
experiment is of course much larger than can ordinal ily be used to 
\ entilate a room of this size, whatever the method of ventilation employed 
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Fig 8 — (Exper 20) Showing the absence of reinspiration while sitting 
directly between inlet and outlet of a room of 3,000 cubic feet, ventilated by 
324,000 cubic feet of air per hour {A), and its piesence when sitting 6 feet 
out of the direct line (B) 



Fig 9 —(Exper 12) Showing that there is no reinspiration uhen facing 
a breeze of 200 feet per minute (B) contrasted with 14 per cent reinspiration 
when the air is relatively still (-4) 
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By the employment of propeily directed artificial currents it is quite 
easy to prevent reinspiration entirely This may be readily accomplished 
by means of an electric fan, provided the face is free to receive the breeze 
If there is obstruction to the free flow of the current of air, the results 
may be quite different, as will be demonstrated later Figure 9 shows 
very well what happens in a fan current moving at the rate of 300 feet 
per minute when there is no obstruction (curve B), and also what happens 
in the same place when the fan is shut off (curve A) Such an experi- 
ment also serves well as a control of the technic, which was identical for 
the two series The room in which it was made contains 3,500 cubic feet 
and had a temperatuie of 68 F 



Fig 10 — (Evp 10) Showing no leinspiration when walking about the 
room (B), or when leaning over a radiator [E), contrasted with 2 1 per cent 
when standing still (A) 

The same result may be obtained by walking about the room, thus 
creating one’s own cuirent of some 300 to 300 feet per minute, and 
leaving behind at each step the expired breath The walking may be 
confined to a very small circle without any change in the results It is 
equally effective to stand with the head above a radiator, which, when 
well heated, will cause an upward convection current of some 300 feet 
pel minute Figuie 10 illustrates these statements very well, and shows 
that 3 1 per cent of the expired an was rebreathed when standing still 
This experiment was made m the same room as the foregoing, with closed 
window'; and a temperature of 63 F 
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Eesults confirming those above noted are shown in Figure 11 Wlien 
this experiment was made, the loom was receiving 28,000 cubic feet of 
air per hour from an open window and the temperature was 66 F On 
account of the large inflow of cool air, the air near the floor contained 
only 4 COo per 10,000, while it had 4 5 at a height of 5 feet above the 
floor The same difference is detected m curves B and (7, the former of 
which represents samples of the inspired air taken in the upward current 
over the radiator, and the latter those taken while walking about the 
room IVhen standing quietly in the middle of the room the remspiration 
was 1 2 per cent , as shown m the curve A 

In connection with the avoidance of remspiration by induced air 
currents, the interesting observation has been made that when the back 
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Fig 11 — (E-s-p 6) Showing no remspiration when walking about the room 
(C), or when leaning over a radiator (B), contrasted with 12 per cent when 
standing still (A) The room was receiving 28,000 cuoic feet of air per hour 
from an open window 

IS turned to the breeze a little of the expired air is often remhaled in 
spite of the current This is interpreted to mean that the eddies formed 
in front of the face prevent an immediate removal of the expired air 
Two experiments made while standing m a narrow hallway with a very 
regular flow of an, and which illustrate this, are shown in Figure 12 
In that shown at the left the current was just perceptible, presumably 
about 150 feet per minute , m that at the right the current was 300 feet 
per minute The samples m each senes were taken alternately, one 
while facing toward, then one while facing away from, the air current 
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Fig 13 — (Expel 2) Showing that there IS practicallv no reinspiration with 
mouth breathing unless the expired current is directed doMTiivard, as in B at the 
extreme right A, nasal breathing, B, mouth breathing 
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THE EFFECT OF MOUTH BREATHING 

If one sits erect and bieathes through the open month the expired air 
IS thrown directly forward, only the tip of the cone-shaped expansion 
lies next to the face, and a very slight motion will carry it out of the 
zone from which the inspired air is taken Even the slow convection 
currents are usually sufficient to cause this slight motion within the 
necessary time limits This results in there being practically no remspi- 
ration with mouth breathing, unless there is such a change of position of 
the head as to throw the expired current downward, or unless some 
obstruction is brought in the way of its forward motion The facts are 
well illustrated in Figure 13 This experiment was made m a room of 
3,000 cubic feet with a temperature of 70 F The ventilatmg air came 



Fig 14 — (Exp 16) Showing the effect of position on reinspiration 

from a hallway and had constantly 5 COg per 10,000 ISTasal breathmg 
IS represented by the curves marked A, and mouth breathing by those 
marked B The position of the body in the fourth group was that which 
IS usually assumed when seated for writing at a table The mouth and 
nasal samples were taken alternately in each of the four groups Abun- 
dant confirmation of these results were noted in other experiments 

THE EFFECT OF POSITION 

Every change of position of the head affects the line in which the 
expired air is directed In the normal sitting or standing position 
(with nasal bieathing), as has been previously stated, it is thrown down- 
ward, close to the body, and there are more or less constant upward 
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convection cm rents which tend to bring it hack to the face If the head 
IS thrown well back the air is thrown away from the bod}^, somewhat as 
it IS in breathing through the open mouthy and remspiration is lessened 
or prevented entirely 

The eflect of such changes can he best studied by assuming the 
recumbent position and lowermg or raismg the head Figure 14 shows 
three short series of observations made under these conditions m a bed- 
room of 1,500 cubic feet with a temperature of 64 F 'While sittmg on 
the bed. piopped upiight against the headboard, the remspiration was 
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Fig 15 — (Exp 5) Showing the effect of position on remspiration 

2 3 per cent , lying down with a pillow tilting the head forward it was 
1 3 pel cent , when the pillow was removed and the head thrown far 
back there was none at all 

It IS well known that gases tend to adhere to surfaces with which 
they come in contact When one lies with the side of the face on a pillow, 
the expired an is directed against its surface, and this adhesion will delay 
its removal from the immediate neighborhood of the face Furthermore, 
there i*? the formation of pockets and dead spaces in the angles which are 
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not easily acted on by convection currents Tlie softer the pillow, and the 
more one’s head sinks into it, the gi eater will be the retention The 
result of lying in the position indicated is that relatively large amounts of 
the expired air are reinhaled This is illustrated by the experiment shown 
in Figui e 15, made in the same room as the preceding, with a tempera- 
ture of 60 P While standing by the edge of the bed the remspiration was 
1 3 per cent , lying with the side of the face on the pillow it was 4 per 
cent , lying on the back with a pillow under the head it was 1 per cent 
In this, as in the preceding and in all other similar expeiiments, there 



Fig 16 — (Exp 11) Showing the effect of position on remspiration 

was no obstruction by blankets or other covering The only efieet of 
such obstructions would be considerably to increase the amount of air 
leinspired 

The effects of position are again illustrated by the experiment shown 
m Figure 16, which was earned out in a large and well-ventilated sitting 
room, with an open fire-place and a vigorous fire The temperature lose 
while the tests were being made from 64 F to 73 F When sitting in a 
chair some 8 or 10 feet from the fire the remspiration was 1 1 per cent 
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(^) j 0^ ^ coucli. With the face toward the edge and a little removed 
from it, the reinspiiation was 1 4 per cent (B) , with the face toward 
the high back of the conch, and some 8 or 10 inches from it, there was 
4 4 per cent reinspiiation (G ) , while lying on the back, with a veiy 
miniatnre pillow, theie was practically none (D) 

As might be readily inferied from the results of the foregoing eiipeii- 
ments, it was found that ventilatmg currents have less effect on reinspi- 
ration m the lateral recumbent position than when the head is free The 
adhesion of the expired air and the mechanical obstruction about the face 



Fig 17 — (Exp 7) Showing effect of position and changing ventilation 
On reinspiiation 

prevent the ready action of such currents in bringing about displacement 
The condition is illustrated by the experiment sliown m Figure 17 This 
was made in a bedroom of about 1,500 cubic feet, wheie the temperature 
was 50 F With closed windows the reinspiration u as 3 3 per cent and 
3 4 per cent for the upiight and recumbent positions, respectnely , with 
an open window admitting air at the late of 28^000 cubic feet per hour 
they were 0 7 and 3 1 per cent , respectively 
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The difficulty of dislodging the expired air even by artificially pro- 
duced direct currents, when one breathes over the surface of a pillow, is 
further illustiated in Figure 18 This experiment was made while lying 
on the side as in the preceding The temperature was 70 F The current 
of air was from an electric fan placed beyond the feet and nearly in line 
with the body, but a little behind It was about 12 feet from the head 
and 2 feet above the bed. The current was measured just above the 
pillow practically in the position assumed by the head when lying 
there When the air was not disturbed the reinspiration was 3 6 per 



Fig 18 — (B^p 13) Showing the effect of an currents on reinspiration 
while lying with the side of the face on a pillow 

cent (il) , with a current of 120 feet per minute it was 1 8 per cent 
(Fj), and with a cuiient of 200 feet per minute it was 0 7 per cent (Bz) 
With the head fiee and facing the breeze either of these currents is 
sufficient to prevent leinspiration entirely 

An air current stiong enough to be felt as a breeze may still fail to 
remove the expired air under the above conditions, even when it fl.ows 
directly at the face This is illustrated by Figure 19 The observations 
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were made m the same place as the above The temperature was 60 F 
When the an was not artificially disturbed there was 2 8 per cent 
remspiration (A) , with a fan cuirent of 150 feet directed from belimd 
the body there was 2 1 pei cent (B ) , and with the same curient directed 
from in front there was still 1 1 per cent (C) The breeze was quite 
perceptible on the face 

THE EFFECT OF IHCEEASING AND DEOEEASIHG COg 

The degree of contamination in the surrounding air has practically 
no effect on the amount of immediate remspiration Any increase or 
decrease of the GOa m the general air of a room is accompanied by 
coirespondmg changes in the COo of the inspired air The gap between 



^ig 19 — (Exp 26) Showing the effect of air currents from different direc- 
tions on remspiration while lying on side Air still at A, a current of 150 
feet per minute from behind at B, and from in front at C 

the two remains about the same wherever they lie m the scale It is 
imderstood, of course^ that these statements apply only when othei 
conditions, such as temperature and air eurients, are unaltered After 
Lehmann^ had highly contaminated the air of his laboratory by burning 
gas, he found about the same difference in CO 2 content between this air 
and the mspired air that was found on other occasions when the labora- 
tory air was relatively pure 

In order to test the matter m another vraj, I shut m 3 'self in an other- 
wise empty clothes closet of 175 cubic feet, which could be rapidly 
contaminated b}' my owm expiiation, and made stimultaneous observations 
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of the air of the room and my inspired an at five-minute intervals After 
ten samples of each had been collected the door was opened and the place 
thoroughly fanned for ten minutes to renew the air, then six more 
samples of each weie taken at similar intervals, the door being open, the 
loom vacated, and the an agitated duiing the inteivals in order to pi event 
any reaccumulation of 00 2 , hut closed while the samples were being 
taken The temperature was 78 to 80 F 

Dining the first period of the expeiiment the COo of the air of the 
loom rose in a very regular curve from 6 5 to 16 5 per 10,000, and the 



Pig 20 — (E\.p 15) Showing that changing the COj in the surrounding 
air has practically no effect on the amount of reinspii ation 

CO 2 of the inspired an rose in an iiregulai but coiresponding curve a 
like amount During the fannmg-out process the CO, of the air of the 
loom fell to 5 per 10,000, near which it lemained during the subsequent 
tests The COg of the inspired air also dropped back to about the starting 
point and remained there These results are shown in Figuie 20 Durmg 
the first period the average leinspiration was 1 6 per cent , during the 
second period it was 1 9 per cent 
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The results of the first pait of this expeiiment were veiified on 
another occasion undei similai general conditions^ and in addition to the 
above^, a sample of the air inhaled through the open mouth was taken at 
each five-minute peiiod The CO* of the air of the room rose fiom 
5 to 14 per 10,000, and averaged 11 per 10,000 The COg of the mspiied 
an with nasal bieathing likewise lose in an irregular curve and averaged 
18 3 per 10,000, the ditfeience (7 3 per 10,000) being equivalent to a 
remspiration of 1 6 per cent The COo of the inspired air with mouth 
breathing followed very closely that of the an of the room, they aveiaged 
within a small fi action of each other, thus showing practically no 
remspiration while breathing thiough the open mouth, as has been 
pieviously stated 



Fig 21 — (Exp 28) Showing remspiration in a sleeping-porch when sitting 
near the center (A), and while lying on a bed near an open side {B) 

THE SLEEPIHG-PORCH AND THE OPEN AIR 

From the experiments recorded it is evident that veiy slight inter- 
ference with the free movement of air currents about the face is sufficient 
to prevent the immediate removal of the expired air and to allow con- 
tamination of the air we breathe It was believed that such interference 
might easily occur in the ordinaiy sleep in g-poich, which is usually built 
with two open sides, or, sometimes, even in the open air Investigation 
of the inspired air under these circumstances was made, and the lesults 
found to be m harmony with those previously obtained One does not 
necessarily breathe pure air because he is out of doors, he is not at all 
likely to do so under the ordinaiy conditions of sleeping in tents, tent- 
houses, or half-open porches, such as are used for therapeutic or hvgienic 
purposes 
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An experiment earned ont in a sleeping-porch 15x13x8 5 feet is 
shown in Figure 21 The poich has open sides to the south and east, 
covered by wire screens of about 12 meshes to the inch The temperature 
was 70 F , and there was a breeze of 400 to 500 feet per minute in the out- 
side air, varying in direction between south and southwest The air of the 
poich, and outside of it, contained 3 5 CO^ per 10,000, as shown by three 
successive determinations made in duplicate and indicated on the base 
line in the chart This porch contained two beds, one of which stood 
near the center and opposite a door m the north wall, and one of which 
was close to the open east side Two series of tests were made one while 
sitting on the edge of the center bed {A), and one while lying on the 
other bed with the face about 2 feet from the screen {B) The reinspira- 
tion was 0 8 per cent , and 1 1 pei cent foi the two series, respectively 



Fig 22 — (Exp 29) Showing the inspired air when out of doors A, stand 
ing free, B, on an open porch 

Lehmann’- made four obseivations m the outside air and found the 
dilference between the COz of the inspired air and of the surrounding 
ail to be 0 6, 0 3, 0 8 and 0 0 per 10,000 The dilference is so small as 
to indicate practically no reinspiration I have made similar findings 
The outside air is larely still, and it moves m great masses If there is 
no obstruction the expired air is quickly removed from the breathing 
zone If one stands perfectly free there will be no reinspiration, except 
occasionally on very still days But it is only necessary to step behind 
an obstiuction of some sort to break up the progressive mass movement 
of the atmosphere, and the phenomenon begins again These two con- 
ditions aie shown m Bigure 22 There was a light breeze blowing and 
the temperature was 70 F The curve A shows a series of tests while 
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standing aA\a 3 fiom any obstiuction Another person was standing 
only a few feet distant and on the wmdwaid side It is possible that his 
expired air accounts for the excess of CO, m the first three samples of 
tins series The cunc B shoi\s a senes while seated on an open poich 
built against the side of the house and opposite to the direction of the 
wind The reinspiiation is not gieat, but it is present The inspired 
an not pine, and the e^pcrlment senes to show hoiv necessaiy it is 
that the air curienls be fice and iinobstinctcd in ordei that nneontam- 
inated an nnn entei Ihe no'^tiils 

The expel iinents illustrated and icfeircd to in the pieceding repiesent 
only such conditions as are likel} to be met Mith in daily life With the 
single exception of the closet, the looms utilized were well ventilated 
Mail} times the an -supply vas excessive The attempt has been made 
to deteimine iilial kind of an is breathed iindei oidinary and good con- 
ditions rathei than vhat may be bieathed under exceptionally bad 
conditions It ina^ be faiily concluded that when one ll^es indoors and 
remain‘d quiet he Mill immediately lebieathe from 1 to 2 per cent of Ins 
ovn expiied air When he goes to bed it wull be more — fiom 1 oi 2 
pel cent to 4 oi 5 per cent , depending on the position in winch he lies 
111 some of the positions assumed b} people sleeping it may even be as 
high as 8 01 30 pei cent , and T have once found it 18 pei cent in a 
single test, mIiicIi did not necessitate a position by any means impiobable 
Noi does sleeping in the open insine puie air foi bieathing The same 
influences here pioduce the same i dative results that they do inside 
When one buiies Ins head belMcon pilloiv and bed-clothes for the sake of 
■wamth, reinspiiation is inevitable, and it is not necessaiily small in 
amount 

TIIL SIGNinCANCr: of llEINSrillATION 

The phenomenon of leinspnation has been lecoidcd with lather less 
detail than Mas ohscived m the expeiiments. but with enough to show 
that it must be a ^ely common occinience In older to undei stand its 
significance it is neces=aiy to considei ceitain phases of the physiolog^^ 
of respiration 

Haldane and Priestly^ have shown that the regulation of breathing 
is dependent on the concentration of caibon dioxid in the an -cells of the 
lungs By the piopoition of COo in the an -cells the concentiation of this 
gas in the arterial blood is deleimmcd, and the neive eells conti oiling the 
respiratory movements aie stimulated by the carbonic acid in the blood 
supplied to them TTouglP confirmed these findings He concludes, fiom 

4 Haldane and Priestly The Regulation of the Lung Ventilation, Jour 
Physiol , 1905, xwii, 225 

5 Hough Variations in the Response of Healthy Men to the Dyspneic 
Conditions Produced by Breathing a Confined Volume of Air, Am Jour Physiol , 
1911, xxviii, 3G9 
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expeiimenial evidence that ‘‘the increase of pulmonary ventilation is 
entirely the result of increase of the COo tension in the blood flowing 
through the respiratoiy centei”, and Henderson® believes that “the 
capmcity of the body [the concentration of COg in the blood] is auto- 
matically maintained with a piecision equalling that exhibited in the 
regulation of body temperature 

The carbon dioxid which is being constantly foimed m the body is 
carried to the lungs by the venous blood It escapes from the blood into 
the an -cells of the lungs, and its escape is impeded or accelerated accord- 
ing to the resistance it meets m them This lesi stance depends on the 
proportion of COj m the alveolar air, since the tension of this gas m the 
blood can fall only as low as it is on the other side of the membrane 
separating the hlood-stream from the air-cell The arterial blood leaves 
the lungs with essentially the same pressure of CO, that is found in the 
alveolar air It is in this way that the alveolar CO, regulates the CO, 
tension in the blood, and so controls the respiratory movements 

Each personas breathing is so regulated as to maintain the percentage 
of COj m the alveolar air at about 5 per cent of an atmosphere If the 
pressure falls below this, respiiation is lessened or stopped until the loss 
IS regained , if it goes above 5 per cent , the respiration is increased until 
the normal is restoied With light muscular work the COg formed in the 
body will be doubled oi trebled, and the breathmg will be increased in 
like proportion so as to remove the CO, from the air-cells just fast 
enough to maintain the alveolar tension at the normal 5 per cent , but 
not lower Douglas and Haldane^ found that fioin lying in bed to walk- 
ing five miles per hour the CO, output was mcreased twelve times, and 
that the alveolar ventilation was likewise mci eased twelve times, so that 
the percentage of CO 2 in the aheolar air remained practically constant 
Hendeison® found no mateiial change in the composition of the alveolar 
air on gomg from rest to strenuous exercise, the increased production of 
CO 2 was perfectly compensated for by increased breathing 

Haldane and Priestly^ found not only that the percentage of CO, in 
the alveolar air remains constant under all degrees of exertion, but that 
its absolute partial pressure is unaltered when the general piessure is 
reduced to two-thirds of an atmosphere That the same rule holds good 
in the increased pressuie of caissons having up to 6 atmospheres has 
been shown by Hill ® In his experiments he found the alveolar air to 
contain 5 4 per cent of COg at 1 atmosphere, and it gradually fell, with 
increasing pressuie, to 0 9 per cent at 6 atmospheres, the percentage 


6 Henderson and Eussell A Simple Method for Determining the Carbon 
Dioxid Content of the Alveolar Air, Am Jour Physiol, 1912, xxiv, 436 

7 Douglas and Haldane The Dead Space of the Respiratory Passages, 
Jour Physiol, 1912, Abst in Brit Med Jour , Nov 16, 1912 p 1411 

8 Hill, Leonard Caisson Sickness Edward Arnold, London 19H, p 47 
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changing in an inieise latio to the increase of external pressure, so that 
the absolute tension of CO^ in the alveolai air always remained at about 
5 pel cent of the pressuie of one atmosphere 

Haldane and Poulton® have shown that if the CO2 is first lemoved 
fioni the lungs by lapid bicatlnng, apnea may coexist with actual want 
of 0X1 gen, and that hi ea thing does not begin again until the alveolar 
COo has letuined to the noimal Aheolai an normally contains about 
16 pel cent of ox7gcn, and the led blood-cells leave the lungs practically 
saturated with it The amount taken up on then next trip through the 
lungs depends on how much they haic given up to the tissues in the 
meantime, not on how much is a\ailable to then use The normal 16 
per cent of owgcn in the aheolai an is automatically maintained by the 
action of the C0_, on tlie respnatoiy eontei, but on account of the 
chemical ntlinitc of the hemoglobin foi oxygen the blood-cells may still 
take practicalh then full capacity when it is 1 educed to 12 pei cent or 
le==; in the aheolai an Thus a laige excess of oxvgen is constantlv 
maintained in the an of the lungs And while it is one of the chief 
functions of lespnalion to supply ox3^gen to the body, neithei a surplus 
1101 a deficiency of it unless the alteration is extieme, have any effect on 
the ic'spnatoiv niocenicnt« Bicathing will not be lessened noi moie 
OMgen taken up because 11101 c of it' is supplied to the lungs, nor will 
the oxidation piocec^cs in the bod} be affected m any way, unless othei 
influences aie simultaneoii'jlv bi ought into play 

With each breath w'c take back into the lungs the an contained in the 
nose and laigei bionchi — the “dead-space ’ an This dead-space an 
constitutes about onc-thnd of the whole volume of quiet inspnation, and 
not Jess than one-tenth of deep bicatlnng To all intents and pui poses 
it IS expned an winch is constantly reinspired The phenomenon of 
reinspii ation now iindei discussion is in effect simply a slight extension 
of the dead-space beyond its necessaiy limits Rebreathing of the ordi- 
nary dead-space an is a normal and conseivative piocess, it pi events puie 
air fiom entering the lungs and 1 educing the CO^ below the amount 
required for stimulating the lespnatoiy centei , it makes of breathing a 
legulai and continuous 1 athei than an iiiegnlai and mteiiupted function 
Douglas and Haldane' have lecently showm that the volume of the dead- 
space, instead of being a fixed quantity, is automatically altered so as to 
give greater or less lesistance to the air-flow to and from the lungs with 
changing exeition They go so fai as to state that rather marked varia- 
tions may occur, and, while tlie mechanism is not fully understood, they 

9 Haldane and Poulton The EfTect of Want of Oxygen on Kespiration, 
Jour of Physio] , 1908, xwvn, 390 

10 Unless oxygen has fallen so low in the body that imperfect oxidation in 
the processes of metabolism causes the formation of abnormal acids, notably 
lactic, which reinforce the CO, in the blood for action on the respiratory center 
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think the regulation is as perfect as is that of the size of the arteiioles 
for controlling the blood-flow 

There can be no doubt that there is a large measure and a wide range 
of physiologic lesponse on the part of the respiratory function to meet 
changing external as well as internal conditions of CO„ concentration 
It has been seen that when moie COj is formed m the body the respna- 
tion is automatically mcreased in like proportion, and in this way the 
alveolar COo is kept at a uniform level of 5 per cent The same thing 
happens when we breathe an atmospheie containing an excess of CO 2 
The volume of air breathed is then increased in such a degree as, if 
possible, to keep the CO, in the alveolar air normal Haldane and 
Priestly"" found that with 2 per cent of CO 2 in the inspired air the 



Fig 23 — Showing the increasing depth of inspiration required to maintain 
a constant proportion of CO 2 in the air of the lungs, while the production of 
this gas in the body remains constant and its proportion in the inspired air 
increases 

pulmonary ventilation is increased 50 per cent , with 3 per cent it is 
mcreased about 100 per cent , with 4 per cent , about 200 per cent , with 
5 per cent , about 300 per cent , and with 6 per cent , 500 per cent 
With the last the alveolar tension of CO 2 is, of course, above the normal, 
and this fact is signified by severe pantmg, but up to 3 per cent in the 
mspired air the increase of breathing is scarcely noticed, unless muscular 
work IS done, when the increased internal production of CO 2 calls for a 
stiU greater mcrease of the pulmonary ventilation The adjustments are 
automatic and go on without our consciousness, unless an excessive 
increase of breathmg is demanded 
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If we are to maintain a constant piopoition of COo in the alveolar 
air, each inspiration must be 311st large enough to dilute to the same 
degree the CO2 produced in the tune inteival of one respiration If the 
amount of COo produced is constant, each hieath will require the same 
amount of an to maintain the equilibrium But if the an used for this 
dilution alieady contains some COo more will be required than if it had 
none, and as Ihe amount of COo m the inspired air increases, an increas- 
ingly larger amount will have to be inhaled in order to maintain the 
aheolar constant of dilution l^Iathematical calculation shows that the 
lolunie of pulmoiiaiy ventilation required to maintain a constant pro- 
portion of COo in the aheolar air, while the production of this gas by the 
body remains constant and its piopoition in the inspired air increases, 
takes the form of an asyinptoiic curve Figure 23 shows the form and 
dimeii'Jions of this cuive of increasing depth of bieathing for proportions 
of GO2 m the inspired air ranging from 0 04 to 1 1 per cent 

The normal air contains not more than 0 04 pei cent of CO, In 
wcll-^clltlated rooms it is 0 06 01 0 08 per cent , in poorly- ventilated 
room'; it may be 0 2 per cent or more, but under lery bad conditions it 
Mill laiely exceed 0 5 per cent Including the ordinary amount of 
immediate rcinspiration, the COo of the inspired an is not liable to 
exceed 0 5 per cent , and it will practically never go beyond 1.0 per cent 
The small shaded qiiadi angle at the left lover coiner of the chart, there- 
fore, includes that portion of tlie cune coiiesponding to general con- 
tamination of the air in pooily-ientilated rooms, while the heavy outline 
bermid this includes the poition coiiesponding to this contamination 
plus the contamination due to immediate leinspiration Four per cent 
and a fi action ovei 12 per cent aie seen to be the respective limits of 
lespiiatoiy incieatje icquircd to maintain the alveolar COn at a constant 
piopoition, while 1 0 per cent of CO^ in the inspired air requires only 30 
per cent increase of the depth of bieathing to maintain the same 
constant Wlien we remember that the possibilit)^ of increase in the 
depth of inspiration is 400 or 500 per cent , and that by changmg the 

ll Tlio unit volume of the tulal nir when the inspired nir is pure (4 CO. 
pel 10,000), IB assumed to ho one fifth of the volume remaining in the lungs at 
the end of expiration This is about the average foi quiet breathing Hough® 
and Douglas and Haldane’ have shown that increase in the pulmonary ventila- 
tion IB brought about cbiefly by increising the depth of inspiration, supple- 
mented when necessary by an increase in the rate of bieathing and then by 
increased expiratory effort The curve in the chart is constructed to depth of 
inspiiation only, and assumes not only a constant rate of production of COj in 
the body, but a constant rate of breathing and a constant volume of air in the 
lungs at the end of expiiation The figures in the chart are essentially correct 
for the increasing minute-volume of pulmonary ventilation, whatever the change 
in breathing by which this is brought about, when the unit is based on the 
removal by the outgoing tidal air of an average production of CO; by the resting 
body, which is really the better W'ay to express the relation 
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rate and the completeness of expiration the alveolar ventilation may be 
increased considerably moie than 1,000 per cent, it is readily understood 
vt^hy this slight adjustment of 4 to 12 or even to 30 per cent falls far 
below the limits of our conscious effort It has already been stated, from 
the experiments of Haldane and Priestly^ that an actual increase of 100 
per cent in the pulmonaij’’ ventilation passes almost unnoticed 

In other articles I have leviewed^^ the evidence concerning volatile 
poisons in the expired an, a subject which has always occupied a prom- 
inent place in discussions of the air we breathe To one who had followed 
the large amoimt of experimental investigation by many workers it 
seemed that the question of their existence had been finally answeied in 
the negative in 1905, when Flugge^^ and his associates demonstrated 
clearly that the ill effects of confined air need no such hypothetical 
poison for their adequate explanation It seemed for a time as if 
Weichardt,’-* by the application of some new methods of investigation, 
had reopened the question, but Inabe^"^ and Amoss,^® in attempting to 
confirm his work, have pomted out such faults of technic as practically 
to reverse his results and negative his conclusions Moreover, the absence 
of these volatile poisons has been reeentl}^ maintained by Hill,^^ who has 
added much new evidence and a large measure of support for the con- 
tentions of Flugge 

On the other hand, the recent experiments of Eosenau and Amoss^® 
indicate that the condensed watei vapour of the human breath may 
contain a trace of organic matter belonging to the protein group When 
this fluid was injected into animals about one-fourth of them were so 
sensitized that a subsequent injection of human blood-serum gave a 
distinct anaphylactic reaction This work will undoubtedly be repeated 
and confirmed, or another explanation offered No volatile proteins have 
been previously known, none have been otherwise demonstrated in the 
breath, and the condensed water itself has no toxic effect when injected 
into animals And when we remember that so small a quantity of egg 
albumin as l-20,000,000th of a milligram^® is sufficient to confer a similar 


12 Crowder The AKCHurES Int Med, 1911, vii, 85, Trans of the Section 
on Pre\entive Medicine and Public Health, Am Med Assn, 1911, 177, The 
Abchives Int 1\Ied , 1913, xi, 66 

13 Flugge, Heymann, Paul, Eiclenz Ztschr f Hyg, 1905 xlix, 363, 388, 
405, 433 

14 Weichardt Arch f Hyg, 1908, Kv, 252, 1911, Ixxiv, 185 

15 Inabe Ueber das Kenotoxin Weichardts in dem Ausathmiingsluft, Ztschr 


f Hyg, 1911, Ixviii, 1 

16 Amoss Organic Matter in the Expired Breath, Jour of Exper Med, 1913, 
xvii 132 

17 Hill, Leonard The Influence of Ozone in Ventilation Jour Royal Soc 

RosenaJ fnd Amoss Organic Matter in the Expired Breath, Jour Med 

Research 1911, xxv, 35 -r t -e j. n ^ lonQ 

19 Wells Studies of the Chemistry of Anaphylaxis, Jour Infect Dis , 1908, 
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sensitization, it would seem that tlieie nia}”- be possible sources of error 
quite difficult to contiol entirely 

But leaiing all this aside, suppose foi the moment that the breath 
does contain a piotein — oi any other waste organic substance — it still 
does not appear that a little lemspiration could be harmful In the 
alveolai an this substance would necessaiity be piesent in relatively high 
concentiaiion, but always a lowei concentration than the blood or tissues’ 
fioni wliicli it comes At the end of expiration it Avould fill the dead- 
space in like conceniiation as must any gas excieted mto the lungs, and 
the dead-space an is all diaun back with each bieath as a part of normal 
bieathmg We cannot dneeth increase the concentiation of this hypo- 
thetical sub'll ance in the blood by bieathmg an atmospheie eontainmg a 
lovci concentiaiion of it, ve can only hindei its escape But in this 
theie 1*5 a ncccs'^aiv i elation between any such hypothetical body in the 
expned an and the COo, as well as a sinking analog}' to CO^ as a poison 
which has been clear!} diawm by Sew all"® We cannot rebieathe expired 
air wilhout lebieaihing COo, and icbieathing COo causes deeper inspira- 
tion O’he aheolai concentiation of any gaseous constituent of the 
expned an must theiefoie be subiect to the same laws of compensatory 
change in the pulinonan \entilation as are detcirained by the COo Our 
h}pothetical substance would be icgulated to w'hatever may be at any 
time its noniial propoition simultaneously wutli, and by the action of, 
the COo And the quant itatne ^alucs of the cune piesented in Figure 
23 will apnh exactly to aii} otliei volatile excietion into the aii-cells by 
sub'itituting for COo the peicentage of expned air repiesented by the 
COo Let u': as‘5uino that it weic possible, by higher concentiations of 
oui h}potheticaI oiganic body, to poison the animals pioducing it, it is 
possible aLo to poison them by COo — oi e^ven by oxygen — but fai fiom 
being haimful in its noimal concentiaiion COo is a piime necessit}', and 
the lemaikable adaptibihty of the lespiiatoiy function enables the body 
to maintain a noiinal concentiation undei a gieat variety of conditions 
Regulation is automatic, and, accoiding to oui piesent physiologic con- 
ceptioiTs, ncccs'saiily lakes place The adjustment demanded by the 
oidinaiy amount of leinspiiation is lelatively veiy small, and it would 
seem that it must lie w'cll wnthiii the maigin of safety which Melzer"^ has 
so ■well desciibed as belonging to all well-undei stood physiologic piocesses 
It IS commonly, though eiioneousl}, supposed that the good effects of 
efficient ventilation aie due to the chemical puiity of the air Wlien 
attention was called to the occuiience of immediate leinspiiation it was 
looked on as a newly discovered souice of impurity in the air we breathe 

20 Sew'ill On What Do the Hj'gionic and Theiapeutic Virtues of the Open 
Air Depend, Jour Am Med Assn , 1912, Iviii, 174 

21 Mel/er Factors of Safety in Animal Stiucture and Animal Economy, 
Harvey Lectuies, New York, 1907-8, p 139 
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To this previously unrecognized source of contamination was attributed 
much of the failure that has so often attended attempts to bring comfort 
out of ventilating procedures, and from this has arisen the ""theory of 
displacement” m its application to ventilation Accepting the old notion 
that chemical purity is a piopei basis for ventilation standards, and 
assuming that remspiration is necessarily harmful, some of the hygienists 
propose to handle the air supplied to a room m such a manner that the 
expired air will he immediately carried away from the face and cannot 
he rebreathed It is asserted that if the new prmciple is applied a much 
smaller quantity of air than is demanded by the older quantitatve or 
dilution standards can be made to yield hygienic results But small 
quantities of air do not lend themselves readily to maintaining the 
currents that have been shown to be necessary in order to accomplish the 
displacement aimed at Oi, if the necessary currents are mamtained, 
and throughout a sufficient area to be effective, it becomes a physical 
necessity to recirculate the air, thus only delaying rather than preventing 
reinspnation, and reducing the system to one of simple dilution, which 
it is the avowed purpose to avoid By actual experiment I know that the 
plan most widely heralded does just this thmg so far as the contamina- 
tion of the air of a room is concerned, and it is improbable that immediate 
remspiration is materially restricted The theory of displacement does 
not sufficiently take into consideration that all animals possessing lungs 
ventilate them on a very simple piinciple of dilution, nor does the pure 
air theoiy sufficiently considei that the air of the lungs always remains 
highly contammated with their own excretory gases, and that there is 
such an effective barrier as the dead-space agamst the lowering of the 
contamination 

If it IS desired to prevent remspiration, ways have been indicated by 
which this may be done The results will be good, bad, or indifferent, 
according to the plan chosen , but m no case will the results, whether good 
or bad, depend on the fact that reinspnation is prevented Within a 
wide range of variation m the purity of the air we breathe (m so far as 
the purity is effected by the products of respiration), the respiratory 
function IS perfectly adapted to maintain its normal balance The only 
apparent effect of rebreathing a little of oui own expired air is a slightly 
deeper mspiration 

But ventilation is not a matter of little consequence because of this 
It IS still just as important as it has always been considered, the benefits 
of fresh air and the outdoor life aie beyond question But these measures 
should be carried out m the interest of the heat economy of the body 
rather than with regard to the chemical purity of the air we breathe 
The good effects of the outdoor air depend on its coolness, its motion and 
its relative humidity These physical qualities enable it to absorb the 
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heat which is consUiiiily being foimed in the body, and which must be 
as constantly removed Air that will take it up lapidly will stimulate 
healthy functions, an that takes it too slowly leads to sluggish metab- 
olism, and if maintained vill ultimately lesult m a low lesistance to 
disease 

I’lie iigor of a temjieiate or a coldei climate makes of its inhabitants 
a house-dwelling lacc They leiy commonly ovei-heat their houses, if 
not b^ fire and steam tlicn by the heat of then own bodies, and when 
they do thi‘' they complain of pool icntilation, icgardless of whether the 
air-supply is laige oi small Whicheici this may be, under any con- 
ditions tliat aic likely to aiise, theie will still be oxygen in excess of 
eici3 demand and tlic C' 0 _ Mill still find a leady escape fiom the blood, 
but in an oier-vaim atmosphcie the body heat will be stagnated and the 
consumption of oxigcn h\ the tissue cells ivill be deci eased Ventilation 
IS nccessaiy in older to maintain the theiniic balance of the body and to 
stimulate its chemical actnity, and lentilation with cool an is especially 
dcsiiable A little exten^^ion of the dead-space be3mnd the tip of the 
nose IS of no consequence In spite of this extia contamination of the 
inspired air, the piopoition of CO; in the alveolai an ivill remain a little 
lovei 111 a varni looni than in the invigoiating cold of the out-of-doois, 
as has been shoun by Boicott and Haldane-* Tt ivill lemain so because 
metabolism is reflexly letaided by a uaim aeiial envelope, the consump- 
tion of 0x3 gen by the tissues and the pioduction of CO; by them being 
much less in vaiin an than 111 cold 

Thai this discussion concciniiig the signiticance of leinspiration 
applies only to healthy peisons scarcely needs to be added The capacity 
of the lungs may become so restneted by disease that the slightest addi-, 
tion to their voik is undesnable But vlien ve leain that they are still 
capable of peifoiming the lespnatoiy function Mnth the capacity reduced 
to so little as one-sixth of the normaV^ the maigin of safety is seen to 
be a very generous one 

22 Boycott and Unldano 'Ihe EfTocts of Low Atmosphcnc Pressure on Eespi- 
ration, Jour Physiol, 1908, xvwii, 335 

23 Bernard et !Mantou\ CapacitC pulmonare minima compatible avec la 
Vie, Jour de physiol o\pei , 1913, xv, 10, (Ed Ahstr in Jour Am Med Assn, 
1913, K 1794) 



FUISTCTIONAL TESTS OE THE KIDNEY IN DREMIA-^ 
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In any disease m wliich the diagnosis cannot be reduced to something 
like certainty, the piognosis must evidently be considered with some 
reservation If in addition diagnosis and prognosis are alike made 
dependent on laboi atory tests, either these procedures must he of demon- 
strated accuiacy and especial relevance or else we shall be led into 
blundeis in diagnosis or faulty deductions in our conceptions of the 
nature of the disorder 

In relation to uremia, I wish to call attention to certain limitations 
of lahoi atory aids, and to exceptions which many cases present to what 
IS perhaps a doubtful average, since by constancy of iteration some of 
these tests bid fair to be accepted as ciiteria 

Now, m the conditions we call uiemia the clinical manifestations 
cover a wide range, and in proportion as the picture is varied and change- 
able the difficulties of correct interpretation are increased It is 3ust 
because there is no definite symptom-complex, no fixed association of 
physical signs coi related with uremia, that its recognition is often held 
to be simple, and yet the necropsy fails to confirm the diagnosis In the 
absence of a more clearly defined clinical entit}'^ during life we must 
depend ultimately for the criterion on the anatomical changes found by 
the pathologist after death The only exception, possibly, should be in 
those cases that have been under observation for long periods before the 
advent of uremia and in which this state is the logical culmination of 
events 

Ihe cause of uremia is not known, but the common conception relates 
the condition to nephiitis, whethei by functional failure of the kidneys 
or otherwise, does not at piesent matter At necropsy marked renal 
degeneration is requisite for confirmation of the diagnosis, and with this 
usually IS found edema of the biain and often colitis Since it is the 
conception of uremia that it is intimately related to severe nephiitis and 
represents the denouement of a pathological process dependent on renal 
disease, or of which renal disease is an invariable accompaniment, it 
follows that the value of a test having for its aim the estimation of renal 
function, can be measured by the results elicited m demonstrated cases 

* Submitted for publication July 16, 1913 

» From the First Medical Division New York Hospital and Department of 
Medicine, Cornell University 
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of uiemia If this asseition be not coiiect the only alternative is that 
iiienna is not nccessaiilj lelated to lenal function 

TJie functional test for the kidnej^s that is being most geneially 
eiiiplojed by botli inteinists and suigeons in America is that of pheiiol- 
sulphonephthalein In many cases of uieinia the lesults secured by tins 
test accoid vitli the clinical data secuicd by othci pioceduies Cases of 
uiemia often fail to eliminate in two liouis enough of the substance to 
penult of quantitaine estimation, and such patients sometimes die, some- 
time': inipiove sufficiently to leave the hospital But theie aie notable 
exception': in the opeiation of tlie test to winch I wish to call special 
attention 

I shall cite but thice cases lepieseiitiiig tliiee different types of 
nephritis 

Cv^i 1 — 1^ P ajicd 53 vas refused life insuiniice in 1909 in consequence 
of ^\lllcll lie came to liis plnsici.in c\aiiiinalion icve.iled moderate secondaiy 
anemn cardiie Inpcrtropln without \ahnlar disease, blood-piessuic 190, aiteiio- 
scloio^is and enlaiped In or 'ihe urine wns inci eased in amount, n’sctuiia was 
present In a twentA foiii lioui spocinien 2,300 cc, there -w.is albumen, 1 -f- 
prams per liter, mam pi iiiulai casts and leukocjtcs Diagnosis, secondaiy 
conti acted Kidiiei In 2soi ember 1911 marked albuininuiic retinitis developed 
Diiiinp Decemboi diaiilica was an obstinate SMuptoni Ibe pbenolsulpbone 
pbtbaloin test resulted in 13 pei cent being iccoicicd in two boms During 
Januaii maikcd iiiipi moment took place Anotboi pbcnolsulpbonepbtbalein 
tost showed .15 per cent recoxoij 'Jlicie was appaicntl^ gradual inipiovenient 
till the middle of Febiunn. when after one dat of bendnebe the patient had a 
seieic comulsion coma snpenened and continued till death tbiitj boms latei 
I’ostmortf m Anatomic.il diagnosis, cbioiiic iiopbiitis (lod giamilai kidney), 
caidiac Inpeitropliv and dilatation, pulnionan edema, ceiebial edema 

Cash 2 — C 11 aged 50, was admitted to hospital foui da'^s before death com- 
plaining of extreme Aoitigo and cianips in the legs On admission the patient 
was diows-\ .ind in twont-s foui boms tbeic was coma Examination W'as negative 
cxccjit for letinal hemorrhages, be.iit not hyperti opined, blood-piessme 130, 
lespiration normal in cbaractei and latc, incontinence of mine, catbaterized 
specimen contained .i trace of albumin and an enoimous numbei of casts Pbenol- 
sulphonephllialeiii test pn\e 03 pei cent recovoij' in two boms Clinical Diag 
nosis Cbionic inteistitial ncplnitis uremia Anatomical Diagnosis Chronic 
iiepbiitis, small giamilai kidiiei, caidiac dilatation, iilcoiative colitis, edema of 
1)1 am 

Case 3 — 13 F aged 33 Foi a montb tbeie had been inci easing dj'spnea 
and swelling of abdomen and ankles Examination show'ed model ate geneial 
anasarca, some fluid in abdomen and both pleuinl cavities Ileait normal, blood- 
piessuic average, 98 millimetcis of meicmy Retinae noimal Urine Average 
twenty four voidings 1 100 c c Albumin constantly ovci 2 pei cent , many 
granular casts, some red blood cells, chloiids diminished Clinical Diagnosis 
Paienchymatons nepliiitis 

Hie couise of the disease appealed favorable, as the edema subsided rapidly, 
seveial phenolsulphonephthalein tests weic done along with othei tests, the 
last, eleven days before death, showed a iccoveiy of 57 per cent in twm horns 
Without piodromal symptoms other than slight nausea this patient had a seveie 
convulsive seizure lasting neaily an hour and died shortly aftei Anatomical 
Diagnosis Chrome parenchymatous nephritis, large white kidney, cerebral 
edema, edema of lungs 
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These cases represent the types of renal lesion that we most often 
meet The diagnosis was made coriectly in each instance and was proved 
by necropsy The phenolsulphonephthalem test gave a figure approx- 
imating normal in all^, yet, in view of the termination of each case, one 
would haidly venture to asseit that the renal function was normal As 
to prognosis, this test would have indicated that recovery was almost 
ceitain Granting that in many cases, perhaps the majority, the results 
of this test harmonize with the clinical picture and the course of events, 
we must assuiedly find out in what percentage of cases of renal disease 
we are apt to be misled before we can venture any opinion whatever as 
to the clinical value of the test either diagnostically or prognostically 
Does not the record of the above-cited cases suggest that the excretion of 
phenolsulphonephthalem depends on some other factor (circulation P) 
than pure renal disease, whicli by its presence or absence determines the 
late of secietion by the kidney^ Non-protein nitrogen of the blood 

In the last few years there is notable in the literature, especially that 
of Germany, an ever-inci easing insistence on the significance of the non- 
protein nitrogen (residual, filtrate, incoagulable nitrogen) of the blood 
It is to be recalled that this is no new method of studying nephritis, 
although our technic at present may be better than formerly Bright’s 
cases were investigated by Babbmgton Von Jacksch, Hoppe-Seiler, and 
Ascoli made many determinations on all soits of cases and came to 
various opinions Here too we have to do with a faetoi of degree When 
the non-protein nitrogen is so large, as in some cases up to SOO milli- 
grams per 100 cubic centimeters of blood, the outcome for the patient is 
pretty definitely bad But those figures even in uremia are not the rule, 
and it must also be definitely stated that it is not at all unusual to find 
the non-protem nitrogen within the normal variation in cases of chronic 
interstitial nephritis with high blood-pressure — the very type of case 
in which the method is supposed to be of greatest clinical significance 

The normal limits tor the non-protein nitrogen of the blood are 
accoiding to \arious authors between 20 and 40 miJligrams per 100 cubic 
centimeters Bor normal controls I have utilized eases in the surgical 
service such as fractures and hernias, m which there was no evidence of 
renal or cardiovascular disease With these individuals the average non- 
protein nitrogen is 32 to 33 milligrams in 100 cubic centimeters of 
blood, with M milligiams as a maximum ^ Strauss believes that in 
parenchymatous nephritis the non-protem nitrogen is usually low, which 
IS probably correct in cases of purely tubular involvement m which the 
process has not been of long duration, but the non-protein nitrogen is 

1 The average non-protem nitrogen in seventy-two cases of uremia m my 
series was 87 mg per cent 
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occasional!}- low m cases of contracted kidney also. Figuies under 40 
milligiams in 100 cubic centimeteis of blood in these cases with uremia 
are not leiy exceptional in my senes 

One IS then confionted not by a positive fact which excludes uremia, 
but by a negatne obsenation to be mteipieted along with other clinical 
data iN’o one has gone to such aibitiaiy extremes as Widal," who, in a 
recent publication classifies uiemia accoiding to letention theoiies (1) 
Those patients who letain NaCl and develop edema {clilorw emique) 
(2) Those who show nitrogen ictcntioii, that is to say, have an increase 
m the non-piotein nitiogen of the blood {azoiennqiie) (3) A combina- 
tion of the two above classes 

As to the t}pe aroteniiquc, it is set foith that when the non-protein 
nitrogen is 50 to 100 milligiains in 100 cubic centimeteis of blood, the 
prognosis is not immediately fatal, aboie 100 milligiams, it is to be 
estimated in inonth<5 and week'? Then what is to be said of the following^ 

Cask 4 — A 1 aped .U Rlo\sh failing liealth foi se\cral months, notable 
in lo‘5s of stTcngth, inpul fatigue on exertion and slight djspnea, no history 
of edema Ihrce dais hefoie admission to hospital, 8e\cre ^ertlgo For two days 
there ^vns sonic headache and the patient felt \ei> diowsy 

Examiinlion showed retinal heinoiilnges %cr 3 slight cardiac hypertrophy, 
hlood-pressuie 140 to IIO millimcteis of ineicinv, urine 500 to SOO cubic centi- 
meters for twenh four houis with a tiace of albumin and many casts No 
edema or fluid in ca\itics Non piotein nitrogen, 28 milligrams in 100 cubic 
centimeters of blood 

The diowsinc'-s deepened into stupor and after two days, coma Death occuired 
on the fifth da\ nftei admission Clinical diagnosis, uremia Anatomical diag- 
nosis, chronic ncphiitis (oxtieinch small gianular kidneys), edema of brain, 
marked colitis, uiemia 

In this case it is e^ ident that had undue weight been given to the low 
non-piotein nitiogen one ivould have been led to conclude that there was 
not a seveie nepliiitis and that the letinal condition was due to some 
intiacianial disease Moieover, after the diagnosis of uiemia had been 
made the non-protein nitiogen w'ould hate pointed, according to Widal, 
to a favorable outcome 

Tests and methods of investigation sueh as those I have discussed 
are undoubtedly valuable Coiiectly applied they stimulate interest and 
lead in the long lun to broadened knowledge But ^ust so soon as such 
methods are legarded as ultimate ciiteria, we are led first into errors in 
diagnosis, and fiom that cieep into nariow'ed medicine and false ideas 
as to the pathology of a disease entity 

515 Park Avenue 

2 Widal, Fernand Le Mouvement Medical, 1913, i, 1 



BLOOD-PEESSURE STUDIES IE TUBERCULOSIS AT A HI&H 
ALTITUDE REPORT OE SIX HUNDRED CASES 

Leroy s peters, md and e s bullock, md 

SILVER CITY, N JI 

Six 3 ^ears ago one of us (Peteis) began the study of blood-pressuie in 
tubeiculous individuals living under sanatorium conditions at an eleva- 
tion of 6,000 feet A piehminaiy repoiP was made in 1908 covering a 
series of one bundled cases The findings at that time were m such 
marked contrast to the work of other observers, notably Gardiner and 
Koagland^ of Colorado Springs, that we decided to continue our observa- 
tions until we had obtained leadings in a sufficient number of cases to 
make the conclusions of some value from a scientific standpoint 

With this idea in view we have made lecoids covering a series of six 
bundled cases, and aie gratified to note that the conclusions reached in 
our eailiei report are even moie strongly borne out by a more exhaustive 
research 

The question of blood-pressure in tubeiculosis has usually been dis- 
missed with the dogmatic statement that the disease tends toward hypo- 
tension The obseivations of workers at sea level have confirmed tins 
statement many times over, but on the other hand, little work has been 
done along the same line at elevations considered especially adapted for 
the treatment of consumption True, the work of Gardiner and Hoag- 
land“ already cited tends to show that altitude lowers blood-pressure, but 
the number of cases reported is far too small to allow of radical con- 
clusions Also, a number of the experiments were made on the top of 
Pike’s Peak, at an elevation of over 14,000 feet and from the difference 
in elevation alone would be of little value in a comparison with our 
results We are willing to grant that on coming to a high altitude the 
pressure drops temporarily, but on residence a gradual rise is noted 
This very fact, the sudden change from a moderate elevation to an 
altitude of over 14,000 feet, may probably account for the difference in 
oui conclusions and those of Gardiner and Hoagland 

* Submitted for publication July 18, 1913 

* Read in the Section on Practice of Medicine of the American Medical Asso 
ciation at the Sixty-Fourth Annual Session, held at Minneapolis, June, 1913 

* From the laboratory of the Rew Mexico Cottage Sanatorium 

1 Petei s L S The Archives Int Med , 1908, ii, 42 

2 Gardiner and Hoagland Trans Am Chmatol Assn , 1905 
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Now let ns coiisidci the woik of Ciile ’ By means of a pneumatic 
cabinet he was able to show a use in piessure when the suiiounding 
atmospheiic pressiiie was deci eased Along the same line may be men- 
tioned the woik of Lazaiiis and Schiimunski/ Beit'"’ and many other 
obscivers F IT Baitlett” has investigated the effects of breathing 
laiified ail in labbits and finds that the aoitic piessme falls with that 
of the inspiied an aftei a sufficient negative piessure has been produced 
Beit/ however, says that the technical difficulties lender exact experi- 
ments in this lespect impossible Coagulation in the connecting piece 
belueen aiteiy and manometer uill always take place 

jMosso" made his studic‘5 on the top of Mount Bosa at an altitude of 
4.560 meters ITe found \ciy little diffeiencc in readings at this eleva- 
tion and sea Iciel ITeie again we make the same criticism of too high 
altitude Ilowcicr, I^Ioc^o cites the work of K Heller, W Mayei and 
H ion Schioettei,® vho, at an altitude of 2,210 meters, found a use in 
piessine This latter deration moic neaily coincides with the altitude 
at uhich 0111 results veic obtained Fuithei lefeiences could be given, 
such as the uoik of Fiankel and Geppcit,” who found that the pressure 
did not change vith rei> coii'^idciable fall in atmospheric piessuie even 
vhen of a natuic dangeious to life In one expeiiment in which the 
baiometci showed 214 millimetcis theie was an increased blood-piessuie 
and dowing of the pulse 

Liebig^® states that lesiilt'? of obsci rations on the effect of baiometric 
piessuie on blood-pic'^suie are not unifoim He found that rvith a fall 
in atmospheiic piessuie the blood-pic'^suie rose in three people, in one at 
a p]e‘-suic coirc'^ponding to 2,800 metcis altitude, in another under 
atmospheiic piessuie at 520 mm, and in a third in a piessuie coi re- 
sponding to n.dOO mcteis altitude In a more extensive fall of atmos- 
pheiic pie'^suic, 01 otlieirvise a much higher altitude, the blood-pressuie 
fell This latter ‘^cenis to coincide rvith the obsei rations of Gaidmei 
and Hoagland* in oui countiy, namely, that in too high an elevation rve 
get a 1 eduction in blood-pressuie 

Odie criticism rve rvisli to make on all observations to rvliich we have 
thus far lefeiied is bricfl}" stated thus 1 The numbei of expeiiments 
and the numbei of people expei imented on are fai too small to rvarrant 
of any ladical conclusions 2 No compaiison can be made betrveen 

3 Cnle, Geo W Blood-Picssuie in Snrgeiy, Phila , 1003, p 283 

4 La^aius and Sclnimnnski Ztscin f Khn Med , 1884, vii 

6 Beil La Pression Bai oineli iqne. Pans, 1878 

0 Baitlett, P H Am Jour Pliysiol , 1903, \, 143 

7 Mosso, A Arch lial di biol , 1905, xliii, 341 

8 ITelloi, K, Mayei, W, and von Schroeiter, 11 Ztschi f khn Med , xvxiii 

9 Piankel and Geppeit Uebci die Wiikungcn dei veidunnten Lnfi anf den 
Oiganisnius, Berlin, 1883, p 05 

10 Liebig Sit/nngb d Gegellsch d Moiphol u Biol , 1890, xii 
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observations on animals under pneumatic cabinet conditions and the 
observations on tuberculous invalids at 6,000 feet elevation 3 No 
eompaiison can be made between observations made on man at extremely 
high elevations and on those made on tuberculous invalids at 6,000 feet 
elevation 4 Pneumatic cabinet experiments on man cannot in any way 
prove 01 disprove the lesults of observations on tuberculous invalids 
residents of an elevation of 6,000 feet 

Eef erring now to the moie lecent work in this country of Haven 
Emerson He conducted a senes of experiments on both man and 
animals to determine the causes of hypotension in tuberculous patients, 
and to determine the value of such symptoms as a diagnostic and prog- 
nostic measure He concludes that the cause of hypotension is primaiily 
a toxic action on the vasomotor center in the medulla, allowing of a 
vaso-paresis, or stimulating a vaso-dilatation, and secondarily, progressive 
cardiac atrophy oi degeneration He believes that hypotension is com- 
mon enough in early cases to be sought foi as carefully as is the custom 
at piesent to search for pulmonary signs He draws about the same 
conclusion regarding prognosis as was contained m our earlier report,^ 
namely, with betterment of pulmonary condition the blood-pressure is 
mereased, stationary patients show little or no change, and progressive 
patients show a decrease in blood-pressure findings 

Eitter^® also bases much on the prognosis from the blood-pressure 
observations and his work is based on records made on ambulatory 
patients treated at the out-patient department of Eush Medical College 
These last two observers — Emerson and Eitter — were working at 
sea level and with no intention of making a comparative study of 
obseivations there and at high altitudes With their work we must also 
refer to that of Thayer^® of Baltimore, and we shall use the latter two 
reports in making our comparison of average pressure since Emerson 
gives no adequate figures 

Considering all classes of cases our results show that at an elevation 
of 6,000 feet the average pressure in consumptives is 132 mm of 
mercury Thayer’s averages for the same class of patients at sea level 
IS 103 mm of mercury, and Eitter’s is 1 10 mm From observations made 
here on normal individuals we find the average pressure to be 143, all 
ages considered from 19 to 66 Even this is a higher average than the 
majority of observers give for normal individuals at sea level 

On first coming to a high elevation the pressure is lowered, but after 
a short residence an mcrease is noted and in a majority of patients an 
mcrease over the original reading at sea level 

11 Emerson, Haven The ABCHivrs Iht Med, 1911, vu, 441 

12 Eitter, John Trans Nat Assn for the Study and Prevention of Tuheicu- 

^^I's Th^ayer, Wm Cited hy Stanton, Internat Clinics, 1907, iii, Senes 17 
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Fiom a piognostic standpoint we believe the blood-pressure findings 
aie of great value in tubei culosis Heie, we have noted that if the 
patient continues to impiove his piessuie giadually rises If no improve- 
ment IS noted, but on the othei hand, the status is stationary, the 
pressure lemains piactically the same If the patient’s condition grows 
woi se there is a decrease m the blood-pi essure i eading , 

We find also that the degiee of involvement beais no relation to the 
pressure, and foi that reason we have omitted a reference in the general 
table to the Turban classification and have classified our cases from the 
standpoint of toxemia We note that a maiked i elation exists between 
blood-piessuie and the degiee of toxemia Here also the inverse ratio 
of pulse and pressuie noted by so many observers is clearly shown — a 
high pulse accompanied by a low pi essure, and a low pulse by a normal 
or higliei pressure 

We have also studied, in a limited number of cases, the lelation of 
blood-pi essure and pulmonaiy hemoirhage Although we have been 
unable to observe readings immediately before the hemorrhage occurred, 
we know from lecoids taken immediately after, that the pressure is 
increased from 15 to 25 mm of meicury It is only reasonable to 
suppose that such increase occuried before tbe hemorrhage and was the 
immediate cause of the bleeding These eases are so few in our experience 
that we have not incorpoi ated them as such in our table, but merely state 
the facts as we have seen them, hoping to gain some information in the 
future and be able to substantiate our obsei vations by a sufficient numbei 
of cases to wairant oui conclusions Just why we have so few hemor- 
rhages at this elevation with our increased pressure is an open question 
The two facts seem to be in direct contradiction However, the lowered 
blood-pressure on arrival, together with a relaxed circulatory system, 
gives the body time to accommodate itself to the change, and owing to 
the stimulating effect of altitude on cardiac and vascular tone the walls 
of the capillaries and circulatory system in general aie strengthened and 
are better able to stand the increased piessuie which afterwards results 
It IS a well-known fact that patients bleeding at sea level over a long 
period of time (having been placed on a tiain during this series), on 
arrival in the elevation of the southwest have been surpiised to find such 
hemorrhages cease and never occur again 

Heretofore the knowledge of climate in the treatment of tuberculosis 
was empirical Consumptives weie sent west and made a recovery, or 
were buried on the plains and hillsides in a strange country The laity 
and physicians have granted from time immemorial the value of climate 
in the treatment of tuberculosis Some early observer before the time 
of Hippocrates, wisely said ^Tf you would get well of consumption go 
into the mountains and live on the fruit of the cow,” and opinion has 
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TABLE 1 —Data Concerning Six Hundred Consumptives 


Case 

No. 

Age 

Sex 

Blc 

Pres 

1 

Ad 

)od 

isure 

Av 

Pulse 

Av 

Temp 

P 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

i Discharge 

1 

1 32 

M 

106 

126 

80 

98 6 

N 


Arrested 

2 

18 

F 

101 

109 

90 

98 6 

N 

— 

Improved 

3 

25 

M 

102 

118 

80 

98 6 

K 

— 

Improved 

4 

27 

hi 

112 

124 

76 

98 6 

Alb Casts 

— 

Improved 

5 

27 

M 

100 

91 

80 

100 0 

N 

_j — [- 

Progressive 

6 

27 

M 

104 

98 

140 

102 0 

Alb Casts 

+++ 

Progressive 

7 

43 1 

F 

130 

130 

? 

99 0 

N 

4 * 

? 

8 

22 

F 

108 

116 

85 

98 0 

N 


App Cured 

9 

28 

M 

125 

142 

80 

99 0 

Casts 

+ 

Arrested 

10 

34 

M 

113 

116 

84 

98 6 

N 


Arrested 

11 

25 

M 

128 

102 

80 

98 6 

N 

— 

Unimproved 

12 

18 

M 

121 

121 

80 

98 6 

N 

— 

Unimproved 

13 

33 

M 

100 

106 

104 

99 6 

Alb Casts 

+ 

Progressive 

14 

54 

M 

132 

126 

100 

98 6 

N 

— 

Unimproved 

15 

29 

hi 

112 

100 

100 

101 0 

N 

+++ 

Progressive 

16 

47 

hi 

126 

148 

84 

98 6 

N 

— 

Arrested 

17 

24 1 

F 

103 

119 

70 

98 6 

N 

— 

App Cured 

18 

1 29 

M 

120 

130 

90 

99 0 

N 

+ 

Improved 

19 

32 

hi 

94 

90 

84 

98 6 

N 

— 

Arrested 

20 

23 1 

F 

104 

104 

80 

98 6 

N 

— 

Improved 

21 

23 , 

hi 

104 , 

134 

75 

98 6 

N 

— 

Arrested 

22 

35 ' 

hi 

112 ' 

112 

102 

98 6 

Alb 

— 

Improved 

23 

22 

hi 

110 1 

120 

98 

98 6 

N 

— 

Arrested 

24 

37 

hi 

112 ' 

124 

80 

98 6 

N 

— 

Arrested 

25 

24 

hi 

117 

117 

128 

98 6 

N 

— 

Unimproved 

26 

25 

hi 

130 

132 

74 

98 6 

N 

— 

App Cured 

27 

28 

F 

119 

120 

80 

98 6 

N 

— 

Improved 

28 

44 

hi 

135 

144 

104 

98 6 

IS' 

— 

Arrested 

29 

37 

hi 

102 

1 110 

90 

98 6 

1 N 

— 

Impioved 

30 

42 

hi 

118 

110 

100 

98 6 

N 

— 

Improved 

31 

30 

hi 

120 

150 

100 

98 6 

N 

— 

Impro\ ed 

32 

28 

hi 

134 

176 

80 

99 4 

Alb Casts 

+ 

Unimproved* 

33 

28 

hi 

110 

126 

120 

98 6 

N 

— 

Arrested 

34 

40 

M 

134 

144 

90 

99 0 

Alb 

+ 

Arrested 

35 

48 

hi 

114 

120 

75 

98 6 

Casts 


Arrested 

36 

29 

hi 

I 86 

120 

76 

98 6 

N 

— 

App Cured 

37 

25 

hi 

122 

138 

88 

98 6 

N 

— 

App Cured 

38 

19 

F 

122 

126 

90 

98 6 

N 

— 

Improved 

39 

27 

hi 

122 

130 

80 

99 0 

Casts 

+ 

Improved 

40 

22 

hi 

134 

144 

90 

98 6 

Casts 


Arrested 

41 

29 

hi 

138 

140 

90 

98 6 

Casts 

— 

Arrested 

42 

25 

hi 

90 

124 

100 

99 8 

N 

+ 

Improved 

43 

23 

hi 

120 

110 

90 

98 6 

Casts 

— 

Progressive 

44 

28 

hi 

110 

110 

85 

98 6 

K 

— 

Unimpioved 

45 

21 i 

hi 

106 

118 

132 

99 2 

Alb Casts 

+ 

Improved 

46 

40 ’ 

hi 

130 

172 

95 

99 0 

Casts 

+ 

Arrested 

47 

25 

hi 

134 

130 

90 

98 6 

N 

— 

Arrested 

1 

48 

40 

hi 

160 

158 

95 

100 0 

Casts 

++ 

Unimproved 

49 

34 

hi 

96 

110 

80 

98 6 

Casts 

— 

App Cured 

50 

23 

hi 

112 

118 

90 

98 6 

Casts 

— 

Improved 

51 

52 1 

F 

122 

140 

84 

98 6 

N 

— 

App Cured 

52 

24 

hi 

! 130 

142 

90 

98 6 

Casts 

— 

Improved 

53 

58 

hi 

I 110 

126 

92 

98 6 

N 


App Cured 


* Kidneys responsible for high blood-pressure 
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TABLE 1 — ^Data Concerning Six Hundred CoNSusnPTiVES — (Continued) 


Case 

No 

Age 

Sex 

Blc 

Pres 

Ad 

)od 

sure 

Av 

Pulse 

Av 

Temp 

F 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

Discharge 

54 

29 

F 

130 

m 

84 

98 0 

Casts 


ImproA^ed 

55 

28 

M 

110 

■BBl 

112 

99 4 

Casts 

+ 

Progressive 

56 

23 

M 

130 

128 

70 

99 0 

Casts 

+ 

Improved 

57 

52 

M 

104 


138 

99 0 

Alb Casts 

+ 

Unimproved 

58 

40 

M 

130 

144 

100 

98 0 

Alb Casts 


Arrested 

50 

20 

M 

120 

120 

120 

100 0 

N 

++ 

Improved 

60 

28 

M 

110 


108 

98 6 

Casts 


App Cured 

61 

35 

F 

128 

iil 

108 

98 0 

N 

— 

Improved 

62 

33 

F 

no 

lea 

no 

98 6 

N 

— 

Progi essive 

63 

22 

F 

no 

124 

92 

98 0 

N 

— 

Improved 

64 

31 

3^1 

98 


100 

98 0 

N 

— 

Improved 

65 

48 

M 

134 

RBI 

84 

99 1 

Alb Casts 

+ 

Ariosted 

66 

24 

M 

128 

134 

85 

98 0 

Casts 


ImproA od 

67 

42 

F 

no 

120 

120 

99 0 

Alb Casts 

+ 

Improved 

68 

40 

3^1 

130 

148 

SO 

98 0 

Casts 


Ariestcd 

on 

30 

F 

150 


100 

98 0 

N 

— 

App Cined 

70 

27 

F 

100 


88 

98 0 

Casts 

— 

App Cm ed 

71 

38 


88 


SO 

99 4 

Casts 

+ 

Impi o\ ed 

72 

27 


no 

128 

75 

98 0 

N 


Arrested 

73 

32 

M 

no 

128 

75 

98 0 

N 

— 

Arrested 

74 

24 


100 

120 

80 

98 0 

Casts 

— 

Arrested 

75 


F 

no 


80 

98 0 

N 

— 

App Cured 

70 

40 

:m 

100 

118 

100 

99 2 

N 

+ 

Improved 

77 

40 

M 

134 

150 

80 

98 6 

N 


Impioved 

78 

35 

M 

148 

100 

85 

99 0 

Alb Casts 

+ 

Unimproved 

70 

35 

M 

118 

140 

76 

99 5 

N 


Improved 

sa 

35 

M 

122 

122 

no 

98 0 

N 


Unimproved 

81 

29 

M 

130 

134 

80 

98 0 

N 

— 

Improved 

82 

45 

M 

142 

148 

120 

99 0 

N 

4” 

Arrested 

83 

42 

M 

140 

154 

80 

98 0 

Casts 


Tmpi oved 

84 

26 

M 

90 

130 

80 

98 0 

N 

— 

Impioved 

85 

25 

M 


120 

80 

98 0 

N 

— 

App Cured 

80 

22 

M 

88 

112 


98 0 

N 

— 

Ai rested 

87 

28 

F 

112 

112 

Wm 

98 C 

Casts 

— 

Progressn e 

88 

30 

M 

113 

120 


98 6 

N 

— 

An ested 

80 

28 

M 


120 

85 

98 0 

N 

— 

Arrested 

00 

40 

F 


108 

90 

100 0 

Alb Casts 

“r + 

Progi essive 

01 

37 

ivl 

114 

134 

85 

98 0 

X 


Arrested 

92 

25 

M 


124 

86 

98 0 

N 

— 

Ai rested 

93 

23 


128 

128 

75 

98 0 

Casts 

— 

App Cured 

04 

26 

M 

■ETil 

135 

85 

98 0 

N 

— 

A 11 ested 

95 

36 

F 


122 


98 0 

jX 

— 

An ested 

00 

34 

M 


116 


99 4 

N 

+ 

Impi oved 

97 

47 

M 


120 

■n S| 

99 4 

Alb Casts 

+ 

ImproA ed 

08 

18 

F 

128 

]3G 

100 

98 0 

N 

— 

Improved 

09 

27 

F 


138 

88 

98 0 

N 

— 

Ai rested 

100 

28 

1^1 

114 

146 

80 

98 0 

Alb Casts 

— 

Improved 

101 

26 

M 


125 

90 

101 0 

N 

+ + + 

JU 

! 

102 

23 

M 

125 

145 

90 

99 0 

X 

+ 

Arrested 

103 

33 

M 


no 

90 

99 0 

N 

+ 

Improved 

104 

41 

M 

140 

160 

85 

99 2 

Ilyn Casts 

+ 

App Cured 

105 

28 

M 


130 

85 

98 6 

Casts 

— 

Progressnm 

100 

23 

M 

125 

130 

90 

98 6 

Casts 

— 

App Cured 


20 

F 

118 

130 

80 

99 2 

N 

+ 

App Cured 


t Died following hemorihage 
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TABLE 1 — Data Concebning Sec Hundred Consumptives— (C ontinued) 


Case 

No 

Age 

Sex 

Blc 

Pres 

Ad 

od 

sure 

Av 

Pulse 

Av 

Temp 

P 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

Discharge 

108 

26 

M 



m 

98 6 

N 


An ested 

109 

25 

M 

125 

■iSSl 


100 5 

N 

H — h 

Itnpi oved 

110 

37 

M 

120 

125 


100 0 

N 

_j — [- 

Progressive 

111 

26 

M 

124 


90 

99 2 

N 

+ 

Arrested 

112 

32 

M 

125 

150 

100 

100 0 

N 

++ 

App Cured 

113 

30 

F 

128 

128 

85 

98 6 

N 


An ested 

114 

33 

M 

125 

140 

85 

98 0 

N 

— 

Arrested 

115 

21 

M 

120 

145 

90 

99 0 

N 

4" 

Ai rested 

116 

28 

M 

100 

100 

120 

101 0 

Casts 

+++ 

Progressive 

117 

28 

M 

130 

135 

80 

98 6 

N 


Arrested 

118 

23 

M 

120 

130 

74 

99 0 

N 

+ 

Impioved 

119 

23 

F 

no 

135 

90 

98 6 

N 


App Cured 

120 

26 

M 

132 

145 

85 

98 6 

N 

— 

An ested 

121 

17 

M 

100 

125 

100 

99 0 

N 

+ 

Arrested 

122 

23 


118 

135 

90 

99 4 

N 

+ 

Improved 

123 

21 

M 

125 

150 

90 

99 6 

N 

+ 

Arrested 

124 

28 

M 

115 

150 

80 

98 6 

N 


App Cured 

125 

29 

iVl 

118 

135 

85 

99 0 

N 

+ 

Improved 

126 

32 

F 

125 

145 

100 

99 0 

N 

+ 

Arrested 

127 

24 

M 

130 

150 

75 

98 6 

N 


App Cured 

128 

36 

M 

135 

140 

80 

98 6 

N 

, — 

Arrested 

129 

30 

F 

no 

135 

96 

99 2 

N 

+ 

Arrested 

130 

21 

F 

no 

135 

90 

98 6 

N 


App Cured 

131 

40 

F 

116 

136 

100 

99 4 

N 

+ 

Arrested 

132 

24 

F 

130 

134 

96 

98 6 

N 


App Cured 

133 

15 

F 

114 

135 

96 

98 6 

N 


App Cuied 

134 

21 

IM 

145 

148 

80 

98 6 

N 


Arrested 

135 

44 

M 

150 

130 

100 

99 5 

N 

+ 

Progressive 

136 

21 

jM 

140 

155 

120 

99 2 

N 

+ 

Improved 

137 

32 


115 

138 

90 

99 0 

N 

+ 

Ai rested 

138 

39 

M 

130 

105 

100 

99 4 

N 

+ 

Progressive 

139 

38 

M 

140 

160 

80 

99 0 

N 


App Cured 

140 

35 

M 

130 

145 

100 

99 2 

N 

-t- 

Impi 01 ed 

141 

33 


140 

140 

100 

100 0 

Alb 

++ 

Unimproved 

142 

56 


140 

150 

80 

98 6 

N 


Improved 

143 

37 


130 

145 

88 

98 6 

K 

— 

App Cured 

144 

58 


185 

165 

120 

98 6 

Alb 

— 

Progressive 

145 

44 

F 

133 

135 

88 

98 6 

N 

— 

App Cured 

146 

25 


115 

125 

90 

100 0 

N 

++ 

Improved 

147 

29 


130 

140 

80 

98 6 

N 


App Cured 

148 

22 

M 

142 

155 

76 

98 6 

N 

— 

App Cured 

149 

27 

M 

135 

125 

90 

99 2 

K 

+ 

Unimproved 

150 

55 

M 

160 

160 

80 

98 6 

N 


Arrested 

151 

25 

M 

100 

115 

86 

100 0 

K 

++ 

An ested 

152 

36 

M 

135 

120 

100 

100 0 

N 

-i — 1" 

Progiessne 

153 

24 

M 

140 

112 

120 

99 4 

N 

+ 

Piogiessive 

154 

30 


125 

130 

76 

98 6 

N 

— 

App Cm ed 

155 

19 

M 

120 

130 

88 

99 6 

N 

+ 

All ested 

156 

35 

M 

120 

130 

100 

99 2 

N 

+ 

Impioved 

157 

26 

M 

120 

140 

90 

98 6 

N 

— 

App Cm ed 

158 

26 

M 

120 

no 

100 

99 4 

N 

+ 

Arrested 

159 

36 

M 

115 

130 

100 

99 0 

N 

+ 

Improved 

160 

OR 

M 

no 

88 

120 

101 0 

N 

+ “i — h 

Died 

161 


F 

130 

120 

95 

100 0 

N 

++ 

Piogiessn e 

162 


M 

120 

120 

85 

98 6 

N 


App Cured 
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lABLE 1 — Data Coxclbning Six Hundred Consuaiptives — (Continued) 


Case 

No 

Age 

m 

CD 

Bio 

Pres 

Ad 

od 

sure 

Av 

Pulse 

Av 

Temp 

P 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

Discharge 

1G3 

26 

:m 


130 

00 

09 4 

N 

+ 

Improved 

164 

23 

i\i 


130 

100 

00 6 

N 

+ 

Arrested 

1G5 

32 

F 

113 

130 

95 

90 2 

N 

+ 

App Cured 

16G 

22 

1^1 

105 

120 

90 

98 6 

X 


Arrested 

1G7 

22 

]M 


130 

00 

00 6 

X 

+ 

Improved 

1G8 

45 

F 

05 

136 

85 

08 6 

X 

— 

Arrested 

160 

19 

F 

no 

120 

80 

98 6 

N 

— 

Improved 

170 

25 

j\I 

94 

125 

100 

08 6 

X 

— 

Impro\ ed 

171 

32 

F 

103 

125 

00 

08 6 

X 

— 

App Cured 

172 

20 

A 

126 

130 

mm 

00 4 


+ 

Improved 

173 

25 

F 


126 

■ESI 

00 0 

Is 


Improved 

174 

40 

F 

120 

135 

85 

08 6 

X 

— 

Arrested 

176 

25 

:\i 

122 

138 

85 

08 6 

X 

— 

App Cured 

176 

48 

F 

135 

135 


98 6 

X 

— 

App Cured 

177 

29 

I\I 

138 

138 


90 4 

X 

+ 

Improved 

178 

20 


124 

130 

120 

1000 

X 

+ + 

i 

179 

31 


120 

115 


100 0 

X 

++ 

T 

180 

36 

F 

146 

146 


00 2 

X 

+ 

Impi oved§ 

181 

40 

U 

150 

138 


00 6 

ougai 

+ 

Improved 

182 

26 

M 

128 

132 

85 

08 6 

X 

— 

App Cured 

181 

37 

U 

121 

135 

85 

00 2 

N 

+ 

Improved 

184 

18 

ll 

122 

135 

75 

98 6 

X 

— 

App Cured 

187 

22 

U 


140 

120 

09 2 

X 


Unimproved 

186 

34 


134 

118 

■£9 

09 4 

N 

+ 

Progressive 

187 

20 


134 

145 

■ I 

00 0 

X 

+ 

Improved 

188 

24 



118 


00 6 

X 

+ 

Improved 

180 

18 


118 

118 


90 4 

X 

+ 

Progressive 

100 

27 


116 

145 


09 8 

X 

+ 

Progressive^f 

10] 

35 

F 


125 

90 

00 0 

X 

+ 

Improved 

102 

35 

:m 

125 



08 6 

N 

— 

Arrested 

103 

23 


116 

116 


101 0 

X 

— h 

Progressive 

104 

24 

F 


130 


08 6 

X 

— 

App Cured 

105 

20 

]\r 

142 

142 

00 

08 6 

X 

— 

App Cured 

196 

43 

F 




08 6 

X 

— 

App Cured 

197 

42 

IM 

126 

138 

85 

08 6 

X 

— 

Arrested 

198 

27 

IM 

138 

145 

84 

08 6 

X 

— 

t 

199 

32 

F 

132 

126 


100 0 

X 

++ 

I 

200 

18 

F 

126 

126 

80 

08 6 

X 

— 

Arrested 

201 

28 

M 

125 


no 

00 6 

X 

+ 

Unimproved 

202 

25 

jM 

132 


85 

98 6 

X 

— 

Improved 

203 

36 

M 

176 


80 

99 0 

X 

+ 

Aries ted 11 

204 

25 

U 

132 

145 

90 

08 6 

X 

— 

Arrested 

205 

20 

]\I 

132 


85 

08 6 

X 

— 

App Cured 

206 

19 

M 

122 

no 

120 

101 0 

x 

+++ 

Progresswe 

207 

33 

M 

no 



00 4 

X 


Improved 

208 

26 

U 

124 


80 

100 0 

X 

++ 

Progressive 

209 

20 

M 

108 

135 

85 

00 0 

x 

+ 

Improved 

210 

25 

M 

120 


75 

08 6 

X 

— 

App Cured 

211 

28 

F 

mm 


■lun 

08 6 

X 

— 

Arrested 

212 

26 

M 




99 6 

X 

+ 

Improved 

213 

20 

M 

U 


HI 

100 0 

X' 

++ 

Progressive 


t Died suddenly Acute dilatation of heart 
§ Sugar responsible for high blood pressure 
(fHemorihage case High blood-pressure due to this 
11 Alcoholic 
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TEE ARCEIYES OF INTERNAL MEDICINE 


TABLE 1 — Data Conceening Six Hundred Consumptives — (Continued) 


Case 

No 

Age 

Sex 

Blood 

Pressure 

Pulse 

Av 

Temp 

P 

Av 

Urine 

Degree 

of 

Toxemi 

Status 

on 

a Discharge 

Ad 

Av 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 

266 

267 

268 

38 

17 

27 

28 
30 
21 

39 

32 
20 
30 
27 

40 
21 

47 

33 
60 

30 

19 

18 
25 

25 

27 
24 
18 
39 

23 

41 

26 
36 
29 
36 

24 
26 
29 

41 

20 
39 
32 
36 
57 
22 
44 
39 
35 

28 
49 

42 
39 
23 
22 
29 

48 

31 

32 
26 

M 

F 

M 

ll 

¥ 

M 

F 

F 

F 

F 

F 

M 

M 

M 

M 

F 

M 

M 

M 

M 

M 

P 

M 

M 

M 

M 

F 

F 

M 

M 

M 

F 

M 

M 

M 

F 

M 

M 

M 

M 

M 

M 

F 

F 

F 

M 

M 

M 

M 

M 

F 

M 

M 

M 

M 


145 

127 

130 

123 
120 
120 
135 

97 

127 

124 
108 
145 

124 
140 
120 
145 
148 
130 
118 
133 
110 
120 
127 
138 
130 
120 
115 

125 
115 
138 
123 
130 

125 
100 
112 
115 
130 
135 
110 
140 
118 
120 
120 
112 

114 
120 

126 
125 
119 

115 
130 
138 
115 
150 
118 

80 

85 

85 

80 

80 

100 

100 

98 

75 

90 

100 

100 

90 

95 

90 

100 

80 

90 

95 

85 

95 

90 

85 

100 

100 

100 

100 

75 

88 

90 

90 

90 

SO 

120 

120 

100 

80 

85 

120 

110 

110 

85 

90 

90 

80 

95 

80 

85 

100 

80 

80 

90 

90 

110 

98 6 
98 6 
98 6 
98 6 
98 6 

98 6 

99 4 

98 6 

99 0 

98 6 

99 6 
98 6 

98 6 

99 0 
98 6 
98 6 
98 6 
98 6 

100 0 
98 6 
100 0 
98 6 

98 6 

99 0 
99 0 
99 0 

1010 

98 6 

99 6 
99 0 
99 0 
99 0 
98 6 

100 0 
100 0 
98 6 

98 6 

98 6 
100 0 
100 0 

98 6 

99 0 

98 6 

98 6 

98 6 

99 6 

98 6 

98 6 

98 6 

99 8 

98 6 

98 6 

99 6 

98 6 

100 0 

N 

N 

N 

N 

N 

Trace Alb 
N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Alb 

FT 

Alb 

N 

N 

N 

N 

K 

N 

N 

N 

N 

N 

N 

N 

N 

+ 

+ 

+ 

++ 

++ 

+ 

+ 

+ 

+++ 

+ 

+ 

4- 

+ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

+ 

_j — [- 

Ai rested 

App Cured 

Ai rested 

App Cured 
Arrested 
Improved 
Improved 
Ariested 
Arrested 
Arrested 

7 

Arrested 

Improved 

Arrested 

Arrested 

App Cui ed 
Arrested 
Anested 
Progressive 
Arrested 
Improved 
Arrested 

App Cured 
Improved 
Unimproved 
Improved 
Improved 

App Cured 
Progressive 
Improved 
Improved 

Impi oved 

App Cured 
Progressive 
Progressive 

App Cured 

App Cured 
Arrested 
Progres=Tve 
Progressive 

App Cuied 
Arrested 
Impio'ved 
Improved 

App Cured 
Improved 
Arrested 

App Cured 
Ariested 
Progiessne 

App Cun d 

App Cured 
Improved 
Ariested 
Progressive 
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TABLE 1 — Data Coxcerning Six Hundred Consumptives — (Continued) 


Case 

No 

> 

o 

Sex 

Bio 

Pres 

Ad 

od 

sure 

Av 

Pulse 

Av 

Temp 

P 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

Discharge 

269 

22 

11 

122 

130 

100 

99 0 

N 

+ 

Improved 

270 

29 

U 

125 

128 


98 6 

N 

— 

Apn Cured 

271 

38 

11 

124 

124 

120 

100 4 

N 

++ 

Progressive 

272 


F 

120 



99 0 

N 

+ 

Unimproved 

273 

35 

F 

155 


95 

99 6 

N 

+ 

App Cured 

274 

25 

F 

125 

126 

80 

98 6 

N 

— 

App Cured 

275 

43 

F 

125 

125 

90 

98 6 

N 

— 

Unimproved 

276 

44 


122 

135 


98 6 

N 

— 

App Cured 

277 

33 

M 

125 


90 

98 6 

N 

— 

App Cured 

278 

25 

M 

128 


80 

98 6 

N 

— 

Improved 

279 


F 

125 


85 

98 6 

N 

— 

Unimpi oved 

280 

43 


126 



99 0 

N 

+ 

Unimpi oved 

281 

47 

F 

103 



99 4 

N 

+ 

Arrested 

282 

26 

iM 

118 

119 

90 

99 4 

N 

+ 

Unimproved 

283 

42 

F 

108 

■im 

120 

100 0 

N 

++ 

Piogressive 

284 

42 

F 


mv!m 


98 6 

N 

— 

Impro\ ed 

285 

22 

F 


120 

95 

98 6 

N 

— 

Anested 

286 

33 

M 

wSst 



99 0 

N 

+ 

An ested 

287 

22 

iM 

125 


90 

99 4 

Tiace Alb 

+ 

Unimproved 

288 

23 

F 

98 


90 

98 6 

N 

— 

An ested 

289 

21 

U 

115 


120 

102 0 

N 

4 — 1 — h 

Progiessive 

290 

26 

F 

98 

118 

110 

99 0 

N 

+ 

Arrested 

291 

19 

2^1 

112 

112 

130 

99 6 

N 

■f 

Progressive 

292 

22 

11 

123 


120 

101 0 

N 

++ + 

Progi essive** 

293 


U 


115 

95 

99 0 

N 

+ 

Progressive 

294 

37 

11 

122 

112 

110 

100 0 

N 

++ 

Progressive 

29.5 


F 

90 


90 

99 0 

A 

4* 

App Curedfy 

296 

31 

M 

135 

138 

95 

98 6 

N 

— 

Impi oved 

297 


M 

130 


85 

98 6 

N 

— 

Arrested 

298 

40 

F 

137 



99 0 

N 

+ 

Uniiiipro\ed 

299 

23 

11 

116 

115 

90 

99 0 

N 

+ 

Unimpi ovtd 

300 

36 

11 

134 

145 

80 

98 6 

N 

— 

App Cured 

101 

42 

F 

110 


120 

99 2 

Alb Casts 

+ 

Progressive 

102 

18 

F 

128 

135 

80 

99 0 

N 

+ 

App Cured 

303 

32 

M 

115 

112 

90 

Nor 

N 

— 

Arrested 

304 

35 

M 




Nor 

N 

— 

Arrested 

305 

30 

F 


125 

85 

Noi 

N 

— 

App Cured 

306 

35 

j\I 


■k !■ 

90 

99 0 

N 

+ 

Arrested 

307 

22 

M 



90 

Nor 

N 


App Cured 

308 

22 

M 



95 

Nor 

N 

— 

App Cured 

309 

22 

M 



90 

Noi 

N 

— 

Arie«ted 

310 

32 

F 



90 

Noi 

N 

— 

App Cm ed 

311 

25 

F 



100 

Nor 

N 

— 

Improved 

312 

24 

F 


115 

90 

99 2 

Alb Casts 

+ 

App Cured 

313 

26 

F 


■i n 

130 

102 0 

Casts 

+++ 

Progressive 

314 

19 

]\I 


■f 9 

90 

Noi 

Casts 

— 

App CuredtJ 

315 

33 

M 

137 

Be n 

80 

Noi 

N 

— 

App Cured 

316 

39 

F 

KMil 


90 

Noi 

N 

— 

Arrested 

317 

23 

]\I 

■Ini 

Kb n 

95 

99 2 

N 

+ 

Impi oved 

318 

18 

M 



90 

99 3 

N 

+ 

Stationary 

319 

45 

M 

125 

115 

90 

99 2 

N 

+ 

Progi esone 

320 

20 

F 

115 


96 

99 a 

N 

+ 

Improved 


** Blood-pressui e not taken toward end of treatment 
tt Joint case 

It Urine normal on discharge 
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TABLE 1 — Data Concerning Six; Hundred Consuaeptives — (Continued) 





Blood 


Temp 




(lasft 

Age 

Sex 

Pressure 

Pulse 

Av 


Degree 

Status 

No. 



P 

Urine 

of 

on 


Ad 

Av 

Av 


Toxemia 

Discharge 

321 

21 

M 

152 

160 

85 

Nor 

N 


Ariestcd 

322 

33 

M 

128 

145 

100 

99 3 

N 

+ 

Improved 

323 

34 

M 

124 

127 

90 

Nor 

N 


Improved 

324 

25 

F 

100 

125 

80 

Nor 

N 

— 

App Cured 

325 

27 

M 

130 

140 

85 

Nor 

N 

— 

Arrested 

326 

26 

M 

138 

140 

85 

Nor 

N 

— 

App Cured 

327 

41 

M 

104 

125 

90 

99 2 

N 

+ 

Improved 

328 

35 

M 

104 

117 

90 

99 0 

N 


Died§§ 

329 

47 

F 

148 

145 

100 

100 0 

N 

++ 

Progressive 

330 

33 

M 

150 

145 

80 

99 0 

N 

+ 

Arrested 

331 

26 

M 

134 

142 

80 

Nor 

N 

— 

App Cured 

332 

34 

F 

105 

110 

88 

100 0 

N 

++ 

Improved 

333 

30 

M 

128 

134 

80 

Nor 

N 


App Cured 

334 

36 

M 

134 

140 

80 

Nor 

N 

— 

App Cured 

335 

30 

M 

114 

120 

100 

100 4 

N 

++ 

Improved 

336 

21 

M 

104 

134 

85 

Nor 

N 

— 

Arrested 

337 

32 

F 

135 

135 

90 

99 4 

N 

+ 

Arrested 

338 

27 

M 

125 

128 

88 

Nor 

N 


App Cured 

339 

24 

F 

98 

90 

120 

100 0 

N 

++ 

Progressive 

340 

22 

M 

120 

124 

85 

Nor 

N 

— 

App Cured 

341 

23 

M 

100 

130 

90 

Nor 

N 

+ 

App Cured 

342 

45 

F 

145 

150 

90 

99 0 

N 


Ariestcd 

343 

18 

F 

120 

125 

80 

99 0 

N 

+ 

App Cured 

344 

29 

M 

124 

145 

72 

99 0 

N 

— 

Improved 

345 

25 

M 

138 

150 

90 

Noi 

N 

— 

Ariested 

346 

51 

M 

128 

144 

90 

Nor 

N 

— 

Improved 

347 

32 

F 

120 

135 

80 

Nor 

N 

— 

App Cured 

348 

18 

F 

115 

125 

85 

Nor 

N 

— 

App Cured 

349 

21 

M 

124 

140 

120 

99 4 

N 


Improved 

350 

32 

F 

100 

138 

85 

Nor 

N 

— 

Ariested 

351 

30 

M 

140 

144 

80 

Noi 

N 

— 

App Cured 

352 

32 

M 

124 

134 

80 

Nor 

N 

— 

App Cured 

353 

25 

F 

130 

136 

80 

Nor 

N 

— 

Arrested 

354 

45 

M 

154 

154 

100 

99 0 

N 


Stationary 

355 

24 

M 

144 

154 

90 

Nor 

N 


Am stcd 

356 

31 

M 

144 

150 

75 

Nor 

N 

— 

App Cured 

357 

39 

M 

145 

126 

125 

99 3 

N 


Progressive 

358 

23 

M 

128 

150 

75 

Noi 

N 


App Cured 

359 

23 

M 

115 

140 

80 

Noi 

N 

— 

App Cured 

360 

22 

M 

122 

130 

80 

Noi 

N 

— 

App Cured 

361 

22 

F 

100 

118 

80 

Nor 

N 

— 

App Cured 

362 

18 

M 

140 

144 

80 

Noi 

N 

— 

Ai rested 

363 

32 

M 

120 

140 

85 

Nor 

N 

— 

Arrested 

364 

34 

F 

124 

135 

95 

Nor 

N 

— 

Tmpi 01 ed 

365 

24 

F 

128 

135 

85 

Noi 

N 

— 

App Cdied 

366 

22 

F 

118 

124 

72 

Nor 

N 

— 

App Cured 

367 

39 

F 

114 

120 

90 

Noi 

N 

— 

Arrested 

368 

369 

370 

371 

372 

373 

374 

375 

376 

23 

3? 

120 

120 

100 

100 0 

N 

++ 

Proc:re°sive 

24 

28 

19 
41 
28 
31 

20 
22 

M 

M 

hi 

F 

hi 

F 

hi 

hi 

108 

150 

146 

135 

114 

124 

122 

110 

125 
160 
146 
140 
125 
135 
150 
135 1 
! 

95 

72 

72 

80 

90 

90 

100 

95 

( 

Nor 
Noi 
Noi 
Nor 
100 0 

99 0 

99 0 

99 2 

N 

N 

N 

N 

N 

N 

N 

N 

++ 

+ 

+ 

+ 

Improved 

App Cured 

App Cured 

App Cured 
Improved 
Improved 
Improved 
Improved 


§§ Sudden hemorrhage 
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TABLE 1 — Data Concerning Six Hundred CoNSUnn?TiVES — (Continued) 


Case 

No 

Aere 

Sex 

Blc 

Pres 

Ad 

)od 

sure 

Av 

Pulse 

Av 

Temp 

P 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

Discharge 

377 

25 


128 

150 

95 

Noi 

N 


Improved 

378 

40 

F 

128 

128 

100 

100 0 

N 


Stationai v 

S'-Q 

32 


134 

110 

90 

99 4 

N 

+ 

Progressive 

380 

22 

F 

116 

125 

78 

99 0 

N 

+ 

Improved 

381 

25 

M 

110 

125 

85 

Noi 

N 


Improved 

382 

28 


138 

150 

100 

Noi 


— 

Improved 

383 

35 

ll 

124 

140 

90 

Noi 


— 

I n nroi ed 

384 

44 

F 

98 

115 

90 

Noi 


— 

Improved 

385 

23 

U 

116 

135 

85 



+ 

Impi oved 

386 

23 

u 

145 

145 

90 


N 

+ 

Impioved 

387 

27 

u 

12G 

130 

100 

99 2 

N 

+ 

Impi oved 

388 

25 

M 

134 

140 

85 

Noi 

N 

— 

Arrested 

389 

29 

F 

114 

125 

90 

Noi 

N 

— 

Impi oved 

390 

24 

:m 

IIG 

125 

95 


N 

+ 

Improved 

391 

31 

F 

135 

140 

80 

Noi 

N 


App Cured 

392 

20 

:m 

148 

135 

85 

Noi 

Alb Casts 

— 

Improved^^ 

393 

23 


100 

128 

72 

Noi 

N 

— 

Arrested 

394 

21 

li 

145 

145 

85 

Nor 

N 

— 

Impioved 

395 

25 

u 

150 

150 

72 

Nor 

N 

— 

Imp r 01 ed 

39G 

27 

u 

14G 

150 

72 

Nor 

N 

— 

Impi 01 ed 

397 

38 

iM 

130 

135 

70 

Noi 

N 

— 

Impioved 

398 

18 


104 

115 

no 


N 

+ + 

Stationai "s 

399 

39 

:m 

125 

138 

90 

Noi 

N 


Improved 

400 

29 

F 

115 

110 

90 

101 0 

N 

+ + + 

Stationai y 

401 

29 

F 

135 

140 

78 

Noi 

N 

— 

Aiiested 

402 

29 

:m 

148 

148 

80 

Noi 

N 

— 

Improved 

403 

31 

:m 

124 

130 

80 

Noi 


— 

Improi ed 

404 

30 

F 

120 

130 

90 

99 3 


+ 

Impi 01 ed 

405 

24 

F 

118 

122 

90 

99 0 


+ 

Impi 01 ed 

400 

20 

:m 

12G 

135 

90 

Noi 


— 

Ai 1 ested 

407 

23 

F 

130 

135 

90 

99 0 


+ 

Impi oved 

408 

35 

u 

145 

155 

80 

Noi 


+ 

Ancs^ed 

409 

23 

u 

134 

150 

85 

99 0 


+ 

Improved 

410 

19 


144 

IGO 

85 

Noi 



Ai rested 

411 

2G 

M 

132 

140 

100 

99 1 

N 

+ 

Impi 01 ed 

412 

3G 

M 

170 

188 

90 

Noi 

N 

— 

App Cuiedlll! 

413 

41 

F 

128 

13G 

85 

99 4 

N 

+ 

Impi oved 

414 

33 

F 

124 

140 

90 

Noi 

N 

— 

Ai rested 

415 

45 

M 

13G 

150 

72 

99 2 

N 

+ 

Improved 

41G 

35 

M 

180 

190 

90 

Nor 

N 

— 

Ai 1 ested 

417 

33 

M 

IGG 

170 

90 

Nor 

N 

— 

Impioved 

418 

28 

U 

140 

140 

72 

Noi 

N 

— 

Arrested 

419 

21 

M 

138 

142 

72 

Noi 

N 

— 

Impi oved 

420 

28 

M 

14G 

148 

90 

99 0 

N 

+ 

Impi 01 ed 

421 

38 

M 

132 

12G 

120 

101 0 

N 

^ — h 

Piogiessive 

422 

45 

M 

148 

140 

95 

99 0 

N 

+ 

Stationai V 

423 

40 

M 

148 

148 

80 

Noi 

N 

— 

Stcitiomiv 

424 

25 

F 

128 

140 

90 

99 0 

N 

+ 

Improi ed 

425 

22 

M 

130 

152 

95 

99 1 

Alb Casts 

+ 

Impi oved 

420 

20 

M 

150 

150 

100 

99 3 

N 

+ 

Stationai t 

427 

41 

M 

152 

14G 

90 

Noi 

N 

— 

Imp’*oi cJ 

428 

21 

F 

114 

138 

95 

99 0 

N 

+ 

App Cured 

429 

40 

F 

140 

148 

80 

Nor 

N 

— 

App Cured 

430 

22 

M 

160 

150 

120 

99 0 

N 

+ 

Progressive 


Removal of tuberculous testicle 
II II Hard drinker 
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THE ARCHIVES OF lETERNAL MEDICINE 


fABLE 1 Data Concerning Six Hundred Consumptives — (Continued) 


Case 

No 

Age 

Sex 

Blood 

Pressure 

Puls 

Av 

Temp 
® P 
Av 

Urine 

Degree 

of 

Toxemi 

Status 

on 

a Discharge 

Ad 

Av 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 

450 

451 

452 

453 

454 

455 

456 

457 

458 

459 
400 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

35 

29 
28 
27 
21 
26 
20 
33 

30 
20 

25 
30 
37 
30 

30 

27 

31 
20 

28 
44 
49 
54 
33 
24 
33 
19 
27 

36 
58 

26 
23 

23 
33 
22 
21 
26 

24 
51 
30 

37 

21 

22 

38 

26 

22 

26 

38 

30 

25 

39 

37 

17 

23 

27 

20 

M 

M 

E 

M 

M 

M 

M 

F 

F 

M 

M 

M 

M 

M 

M 

F 

M 

F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

F 

M 

M 

M 

M 

M 

M 

F 

M 

]M 

M 

M 

M 

M 

M 

M 

M 

"1 

134 

138 

160 

134 

140 

148 

145 

122 

140 

132 

120 

134 

136 

160 

150 

118 

134 

178 

130 

132 

150 

140 

148 

175 

130 

140 

130 

138 

122 

150 

110 

130 

136 

128 

122 

UO 

132 

142 

130 

142 

130 

128 

144 

140 

ISO 

132 

142 

114 

140 

128 

140 

142 

100 

150 

ISS 

138 

138 

154 
146 
148 
160 
136 
148 
140 
136 
140 
145 
148 
127 

155 

125 
140 
165 
145 
140 
150 
175 
155 
175 
140 
155 

126 
138 
122 
150 
135 

125 
145 

145 

146 
160 

145 1 
148 
135 

146 
140 
135 
148 
150 

135 
140 
155 

126 
140 

136 
142 
148 
100 
150 
140 

100 

85 

90 

112 

105 

80 

72 

90 

80 

100 

120 

85 

85 

120 

85 

100 

90 

80 

95 

90 

85 

90 

72 

85 

80 

85 

100 

95 

130 

80 

90 

95 

100 

85 

80 

85 

90 

80 

90 

90 

100 

100 

110 

80 

100 

85 

85 

80 

90 

100 

85 

90 

120 

90 

85 


N 

N 

N 

N 

N 

N 

N 

N 

X 

Alb Casts 
N 

X 

N 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

N 

X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

x 

X 

X 

x 

X 

Sug & Alb 

x 

X 

X 

N 

X 

X 

X 

X 

X 

Alb Casts 

X 

X 

1 

+ 

"|- 

+ 

++ 

+ 

+ 

H — H 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

Stationary 

Improved 

Improved 

Improved 

Improved 

Arre'sted 

Arrested 

Arrested 

Cured 

Diedy 

Stationary 

Arrested 

Cmed 

Progressive 

Arrested 

Improved 

Arrested 

Ariested 

Improved 

Improved 

An ested 
Arrested 
Arrested 
Arrested 

App Cured 
Arrested 
Progressive 
Ariested 

Pi ogressive 

App Cured 
Improved 
Progressive 
Arrested 

App Cured 
Arrested 
Arrested 

Ini pro! ed 

App Cured 
Improved 
Arrested 
Impioved 

Impi oven 
Prog’sive** 
Arrested 
Arrested 

App Cured 

App Cured 
Improved 

Ai 1 ested 
Improved 
Arrested 
Arrested 
Progressive 
Arrested 
Airested 


Kidney case 
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TABLE 1 — Data Concerning Six Hlndbed CoNsmirTivES — (Continued) 


Case 
No • 


1 

Bl( 

Pres 

Ad 

3od 

;sure 

Av 

Pulse 

Av 

Temp 

F 

Av 

Urine 

Degree 

of 

Toxemia 

Status 

on 

Discharge 

4S0 

50 



120 

100 

100 0 

N 

+ 

Improved 

4S7 

23 

ll 

146 

155 

85 

Nor 

N 


Arrested 

488 

27 

M 

118 

135 

80 

Nor 

N 

— 

Arrested 

480 

21 

E 

130 

135 

100 

99 2 

N 

+ 

Improved 

4'JO 

18 

F 

140 

140 

100 

99 2 

N 

+ 

Improved 

491 

24 

U 

122 

145 

72 

i Noi 

N 

— 

App Cured 

402 

2G 

ll 

145 

145 

00 

1 Noi 

N 

— 

Arrested 

493 

4G 

M 

160 

155 

90 

99 2 

N 

+ 

Progressive 

404 

44 

M 

122 

140 

100 

Noi 

N 


Arrested 

405 

26 

M 

118 

95 

110 

100 2 

N 

++ 

Progress!! e 

49G 

33 

M 

106 

120 

100 

99 4 

N 1 

+ 

Improved 

497 

32 

U 

116 

130 

100 

90 2 

N 

"i- 

Improved 

498 

20 

i\I 

130 

120 

100 

100 0 

N 

+ 

Piotrrc°uvo 

400 

27 

1 U 

142 

142 

90 

Noi 

N 


Cured 

500 

26 

u 

1 136 

144 

1 95 

Noi 

N 

— 

Arrested 

501 

33 

]\I 

112 

106 

120 

100 0 

N 

+ 

Piogressive 

502 

24 

F 

128 

128 

120 

1010 

N 

++ 

Pi ogressive 

503 

3G 

]\I 

142 

145 

90 

99 4 

N 

+ 

Improved 

504 

2G 

M 

150 

150 

80 ' 

Noi 

N 

— 

Ai 1 ested 

505 

50 

U 

100 

130 

90 

Noi 

N 

— 

Arrested 

50G 1 

30 

F 

130 

150 

00 

Noi 

N 

— 

Arrested 

507 

29 

M 

136 

140 

90 

Nor 

N 

— 

Improved 

508 

26 

M 

126 

136 

72 

Nor 

N 

— 

Improved 

509 1 

19 1 

F 

124 

124 

90 

Nor 

N 

— 

Impi oved 

510 

22 

1^1 

127 

138 

90 

Nor 

N 

— 

Improved 

511 

30 

F 

130 

112 

100 1 

100 0 

N 


Piogi essive 

512 

1 27 

i 

145 

150 

85 * 

Noi 

N 


Improved 

513 

22 

F 

132 

135 

85 1 

99 0 

N 

+ 

Improved 

514 

1 25 

1 

125 

125 

i 72 

Noi 

N 

— 

Stationary 

515 1 

34 1 

!<’ 

125 

130 

00 1 

99 2 

N 

+ 

Ai rested 

510 ' 

22 1 

M 

124 

145 

90 

90 0 

N 

■j" 

Ai 1 ested 

517 

43 

U 

1 100 

1 140 

90 

99 4 

N 

+ 

Impioved 

518 

34 


134 

144 

85 

Nor 

N 

— 

App Cuied 

519 

35 

P 

110 

130 

90 

Noi 

N 

— 

\i rested 

520 

23 

F 

132 

138 

80 

Noi 

N 

— 

Improved 

521 

36 

M 

150 

155 

90 

Nor 

N 

— 

Improved 

522 

30 

M 

126 

128 

90 

Noi 

N 

— 

Improved 

523 

24 


125 

125 

90 

Nor 

N 

— 

Stationaij’’ 

524 1 

40 1 

P 1 

135 

140 

80 1 

99 2 

N 

+ 

An ested 

525 

20 1 

F i 

125 

130 

90 1 

99 0 

N 

+ 

Improved 

62G 

34 

M 

138 

145 

80 

Nor 

N 


Arrested 

527 

22 

M 

135 

145 

85 

Noi 

N 

— 

Improved 

528 

33 

M 

134 

150 

72 

Nor 

N 

— 

Improved 

529 

27 

M 

124 

135 

90 

Noi 

N 

— 

Arrested 

530 

24 

F 

116 

125 

90 

Nor 

N 

— 

Improved 

531 

32 

F 

120 

125 

85 

99 2 

N 

+ 

Impro! ed 

532 

1 51 

M 

125 

140 

90 

Nor 

N 

— 

Improved 

533 

20 

M 

134 

140 

90 

Noi 

N 

— 

All ested 

534 

20 

M 

130 

145 

80 

Nor 

N 

— 

Improved 

535 

25 

M 

130 

140 

85 

Nor 

N 

— 

An ested 

53G 

18 

F 

128 

128 

80 

Nor 

N 

— 

Stationai!’' 

537 

35 

M 

150 

150 

72 

Nor 

N 

— 

Improved 

538 

20 

F 

115 

140 

100 

Nor 

N 

— 

Improved 

530 

25 

M 

135 

135 

80 

Nor 

N 

— 

Improved 

540 

38 

M 

150 

150 ] 

1 '^2 1 

99 2 

N 

+ 

Improved 

541 

30 

F 


135 

1 72 

Nor 

N 

— 

App Cured 

542 

33 

F 


135 


Noi 

N 


Arrested 














Db Hyde’s Cases 





Blood 


Temp 

F 




Case 

No 

Age 

Sex 

Pressure 

Pulse 

Av 

Urine 

Degree 

of 

Status 

on 





Av 




Ad 

Av 


Toxemi 

a Discharge 

1 

30 

F 

128 

130 

84 

Noi 

N 


Arrested 

2 

42 

M 

135 

145 

82 

Noi 

N 

-- - 

Arrested 

3 

28 

]\I 

114 

no 

98 

100 0 

N 

+ 

Stationai\ 

4 

27 

M 

132 

134 

78 

Noi 

N 


Ariested 

5 

28 

M 

120 

128 

77 

Noi 

N 



Arrested 

6 

51 

M 

106 

115 

86 

Noi 

N 

— 

Impioved 

7 

24 

M 

130 

136 

80 

Noi 

N 



Ai rested 

8 

67 

F 

116 

120 

86 

99 2 

N 

+ 

Improved 

9 

27 

M 

110 

128 

80 

99 0 

N 

+ 

ArrestedtTl 

10 

35 

F 

118 

130 

74 

A"oi 

N 


Arrested 

11 

34 

F 

136 

130 

70 

Nor 

N 

— 

Arrested 

12 

26 

F 

120 

124 

90 

99 0 

N 

+ 

Improved 

13 

39 

M 

138 

140 

58 

Nor 

N 


Arrested 

14 

24 

M 

122 

1S6 

76 

99 2 

N 

+ 

Improved 

15 

26 

M 

112 

138 

84 

Noi 

N 


Arrested 

16 

23 

F 

128 

126 

90 

99 0 

N 

+ 

Improved 

17 

26 

M 

114 

132 

84 

Nor 

N 


AiiestedJJt 

18 

30 

M 

122 

130 

54 

Noi 

N 

— 

Arrested 

19 

27 

F 

124 

132 

80 

Nor 

N 

— 

Arrested 

20 

25 

F 

126 

134 

82 

Noi 

N 

— 

Ariested 

21 

45 

F 

145 

152 

76 

Noi 

N 

— 

Arrested 

22 

26 

M 

125 

140 

80 

99 0 

N 


Arrested 

23 

45 

F 

140 

150 

76 

Nor 

N 


Arrested 

24 

28 

M 

130 

134 

80 

Noi 

N 

— 

Arrested 

25 

27 

jNI 

138 

140 

80 

Noi 

N 

— 

Arrested 

26 

24 

F 

122 

134 

70 

Noi 

N 

— 

Arresttil 

27 

23 

F 

106 

114 

82 

Noi 

N 

— 

Aiiested§§§ 

28 

29 

M 

122 

132 

80 

Noi 

N 

— 

Ai rested 

29 

30 

F 

122 

134 

76 

Noi 

N 

— 

4.1 1 ested 

SO 

28 

F 

118 

130 

82 

99 2 

N 

+ 

Ai 1 ested 

SI 

41 

M 

138 

138 

74 

Noi 

N 


Ariested 

S2 

24 

M 

112 

124 

80 

Nor 

N 

— 

Arrested 

33 

34 

F 

128 

132 

86 

Noi 

N 

— 

An ested 

34 

29 

jNI 

134 

ISC 

94 

99 4 

N 

+ 

Statioiiari 

35 

27 

M 

140 

150 

72 

Noi 

N 

Arrested 

36 

24 

M 

114 

130 

70 

Nor 

N 

— 

Ai rested 

S7 

29 

M 

126 

134 

68 

Noi 

N 

— 

Arrested 

38 

30 

M 

120 

128 

74 

Nor 

N 

— 

Arrested 

39 

27 

M 

145 

140 

74 

Nor 

All) 

— 

Ai rested 

40 

S5 

M 

128 

134 

78 

Noi 

N 

— 

Ai rested 

41 

23 

F 

118 

130 

84 

Noi 

N 

— 

Arrested 

42 

25 

F 

110 

126 

SO 

Nor 

N 

— 

Ai rested 

4S 

32 

M 

126 

140 

84 

Noi 

N 

— 

Arrested 

44 

28 

M 

120 

120 

100 

94 4 

N 

+ 

Statioiiarj 

45 

31 

M 

no 

1S4 

90 

Noi 

N 


Improt ed 

46 

36 

M 

118 

ISO 

SO 

Nor 

N 

— 

Arrested 

47 

24 

]\r 

112 

130 

70 

Noi 

N 

— 

An ested 

48 

26 

F 

108 

124 

76 

99 4 

N 

+ 

An ested 

49 

28 

M 

117 

132 

90 

100 0 

N 

+ 

Improi cd 


SO 

M 

no 

120 

55 

Nor 

N 

— 

Arrested 

51 

30 

F 

120 

132 

88 

Nor 

N 

— 

Tniprot ed 

52 

30 

F 

104 I 

no 

112 

101 2 

N 

++ 

Tmproi ed 

53 

36 

29 

F 

F 

118 

120 

ISS 

132 

74 

SO 

Nor 

Nor 

N 

N 

“ '' 

Arrested 

Arrested 

55 

50 

57 

5S 

25 

16 

31 

37 

F 

M 

31 

no 
118 1 
120 1 
128 [ 

! 

136 
120 
ISC 
144 ( 

1 

SO 

80 

76 

84 

Nor 

99 2 
Nor 

09 0 

N 

N 

N 

N 

+ 

Arrest* d 
Improi ed 
Arrested 
Tniproi ed 


TTT Tuberculo«7s of the mtcstine^ MJIIemonInge eS§Mitril stono^.*- 
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changed little fiom that day to this But theie existed no scientific 
fact for such belief It remained foi altitude workers of later years to 
deteimine the factois that favorably influenced the course of the disease 
And in a caieful study of these obseivations one is forced to the con- 
clusion that altitude is the chief element in the question of climate As 
proof of this statement we would cite you the excellent woik of Williams^'* 
of London on the maiked expansion of the thorax with greater amount 
of oxygen content in the blood, the work of Webb and Williams^'^ of 


TABLE 2 — Blood Pressure Data Concerning Fifty IMales Normal 

Individuals 


Case No 

Age 

Blood 

Pi essui e 

Case No 

Age 

Blood 

Pressuie 

1 

51 

142 

26 

25 

135 

2 

29 

144 

27 

23 

110 

3 

36 

145 

28 

23 

110 

4 

25 

152 

29 

44 

148 

5 

30 

138 

30 

55 

175 

6 

66 

125 

31 

27 

154 

7 

22 

142 

32 

23 

135 

8 

28 

154 

33 

21 

102 

9 

54 

134 

34 

21 

152 

10 

42 

116 

35 

21 

138 

11 

52 

165 

30 

28 

125 

12 

31 

130 

37 

28 

155 

13 

36 

154 

38 

21 

154 

14 

52 

154 

39 

28 

150 

15 

27 

104 

40 

21 

140 

16 

50 

170 

41 

21 

135 

17 

46 

150 

42 

37 

170 

18 

38 

122 

43 

37 

125 

19 

19 

130 

44 

43 

135 

20 

30 

162 

45 

35 

150 

21 

43 

144 

40 

48 

125 

22 

38 

134 

47 

55 

148 

23 

35 

132 

48 

41 

140 

24 

22 

120 

49 

38 

154 

25 

34 

150 

50 

43 

148 


Colorado Springs showing a marked lymphocytosis in altitude, and the 
painstakmg expeiiments of the English Commission/'^ working with 
Ameiican collaborators, showing over a 40 per cent inciease in erythro- 
cytes and proving be)"ond doubt that the increased hemoglobin content 
of the blood was not relative but actual 

I^ow, granting with Emerson that the result of hypotension in 
tuberculosis, or in any other condition, is insufficient capillary pressure, 


14 Williams Trans Tnternat Cong Tub , 1908 

15 Webb and Williams Trans Nat Assn for Study and Prev Tub, 1909 

16 Douglas and Haldane, Schneider and Henderson Physiological Experi- 
ments on Pike’s Peak, Summer, 1910 
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more or less venous stagnation, and insufficient nourishment with result- 
ing atiophv and degeneiation of the essential organs of the body, why 
then, we ask, if our work is confiimed by othei observeis, is this factoi of 
increased blood-piessure at high altitude not an essential element in the 
treatment of all foims of tuheiculosis^ We feel from oui own standpoint 
that we have shown conclusively that such an increase oecuis and we 
now await with interest a confiimation or a refutation of oui work b^ 
competent observers 

TABLE 3 — Data Hegarding Blood Pressure in Treated Patients 


Aveia,ge blood-pressure on admission in 542 cases 124 

Average blood-pressure during treatment in 542 cases 132 

Average increase 8 

Number of cures 110 

Average pressure on admission 124 

Average pressuie during tieatment 135 

Average increase 11 

Number arrested 153 

Average pressure on admission 125 

Average pressure during treatment 137 

Aveiage increase 12 

Number improved 171 

Average pressure on admission 123 

Average piessure during treatment 133 

Average increase lb 

Number stationaiy 3C 

Aveiage pressure on admission 130 

Average piessure during treatment 130 

Avei age inci ease 0 


Note — T he high aveiage piessuie heie is due to tivo kidney 
cases vith pressuies of 1G4 and 148, v.lnch taken out, gives an 
admission aveiage of 128 and a tieatment av'eiage of 120, with 
increase of 1 


Nunibei of progressiv'es 59 

Average pressure on admission 122 

Av'erage pressure during treatment 115 

Av^ei age decrease 7 


We gne heie a table of six bundled cases (Table 1) We aie 
indebted to Dr 0 T H}de of St Joseph’s Sanatorium, Silver Citv 
IST M , for the Faught lecoids of fifty cases (Table 2) To eliminate the 
peisonal equation we aDo append a table (Table 5) shoving a com- 
paiison of the readings on a Stanton and an Erlanger In the entiie 
senes of cases ve have used at different times a Janevay, a Stanton and 
a Faught In all readings the cuff was applied to the left arm above 
the elbow, the patient m a sitting postuie the foreann flexed on a line 
with the heart The s}stolic pressuie alone vas lecoided since foi all 
piactical puiposGS we feel that this is sufficient and aho, we do not 
believe that an accurate diastolic leading can be made with an oidinan 
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instillment Tlie observations were made between the hours of nine and 
ten in the morning as neaily as this was possible in our routine woik 
The blood-piessuie is given on admission, as is also the average for the 
time undei obseivation, this tune being about seven months In recoid- 
ing the pulse and tempeiatuie we have taken an average duiing the stay 
at the sanatorium The degree of toxemia is represented as follows 
— = a normal temperatme, + = 99 to 100, -|- + = 190 to 101, 
-{- + -[- = 101 and over It is mteiestmg to note that the averages of 
Dr Hyde’s cases taken independently of onr own work shows an average 
on admi'ssion of but two points lowei than oui mvn and exactly the same 
average dniing treatment, and an anal 3 ^sis of his cases proves the points 
brought out by the analysis of oui own table 

TABLE 4 — Rela-Tion Between Toxejiia vnd Blood-Pressure 


Number of cases uith minus toxemia 300 

Avei age pulse 85 

AAeiage bloocl-piessure 124 

Numbei of cases with plus toxemia 184 

Average pulse 72 

Average blood-piessiiie 132 

Numbei of cases uitli two plus toxemia 40 

Average pulse 105 

Av'erage blood-piessuie 120 

Numbei of cases with thiee plus toxemia 11 

Average pulse 115 

Average blood pi essui e 111 


A detailed study oi the facts noted in the general column shows some 
mteiestmg relations which aie giouped separately (Table 3) 

From a studj'- of the tables lefcrred to we find that m all cases 
showing a betterment m pulmonar}'- condition we get an increase m 
blood-pressure , m all cases showing no impi ovement vv e find the pressure 
practically the same, m all showing a piogiessive tendency we find a 
decrease m blood-pi essui e 

Classifying the minus and plus degiee of toxemia as a class showing 
practically no toxic absorption, we find that the aveiage pulse is 78, and 
the average pressuie 138 Then further combining the two plus and 
three plus toxemia as a class showing maiked toxic absorption, we find 
the aveiage pulse to be 110 and the aveiage blood-pressure to be 115 
Here is shown the inverse ratio of pulse and blood-pressuie, namely, the 
higher the pulse, the lowei the blood-piessure, and vice versa It also 
shows clearly that the greater the degree of toxemia the lower the blood- 
pressure, and the less the degree of toxemia the higher the blood-pressure 
As has been previously stated, pressures were taken with the Stanton 
and Eilanger apparatus during the same sitting m order to determine 
the comparative value of the cheaper instruments We here append a 
table of forty cases ^bowing this comparison (Table 5) 
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TABLE 5_COMPAEISO^^ of Blood Pbcsstjres Taklx with Stahtojt A^D 

Eelaageb Instruments 



Erlangei 

Stanton 

1 

115 

114 

2 

145 

140 

3 

130 

124 

4 

124 

120 

5 

128 

124 

6 

122 

125 

( 

148 

146 

8 

126 

126 

9 

128 

128 

10 

110 

110 

11 

114 

114 

12 

164 

164 

13 

134 

134 

14 

128 

132 

15 

136 

135 

16 

148 

144 

17 

130 

124 

18 

142 

136 

19 

138 

138 

20 

112 

114 

21 

126 

126 

22 

136 

136 

23 

134 

136 

24 

116 

116 

25 

132 

130 

26 

134 

134 

27 

120 

122 

28 

132 

134 

29 

124 

124 

30 

132 

134 

31 

124 

124 

32 

120 

122 

33 

116 

116 

34 

144 

142 

35 

138 

138 

36 

132 

130 

37 

110 

110 

38 

124 

122 

39 

128 

120 

40 

110 

115 


A\eiage pressure Eilangei 129, Stanton 128 


liable 5 Mould indicate that tlie readings of the clieapei instiuments 
aie practical!} the same as those of the Eilanger 

CONCLUSIONS 

From a stud}' of six hundied cases ue draiv tlie follou mg conclusions 

1 The blood-piessuie is mcieased at eleiations of 6 000 feet 

2 The hlood-piessiire of both normal indniduals and consiimptnes 
IS higher at 6,000 feet than at sea let el 

3 The piessuie tends to increase up to certain limits uiili continued 
lesidence 

4 Fiom a prognostic standpoint the blood-pie'^sure findings are of 
great talue in tuberculosis 

5 Theie is no relation betueen the degree of iinoheinent and blood- 
pi essuie but theie is a con«tant lelation between the degroe of to\cinm 
and blood-pre'=‘=ure 



‘AURICULAE FLUTTER” WITH A REPORT OF 

TWO CASES 


FRANK TAYLOR FULION MD 

PRO\ lOFNCE, It I 

In 1911 Jolly and Ritchie^ lepoitod a case of Adams-Stokes disease 
A^dncll had been nndei obseivation foi a penod of six years and which 
showed in association with the complete lieart-block a veiy rapidly 
beating amide, the late of the lattei ^arvlng fiom time to time, but 
usually liom 270 to 300 pei minute 1'his condition they called auriculai 
flutter In adopting the term they lelei to the noik of McWilliams, - 
nho, 3 'eais ago, obseived that the application of a faiadic cuiient staited 
the aiiiicle into a rapid fluttei In Ins account, McWilliams stated that 
the conti actions oiiginated in the stimulated aiea and extended rhythm- 
ically and cooidiuatoly thioughout the tissue In 1909, Heitz and 
Goodhart" lepoited a ca«e with an auiiculai late of 234 and a ventiiculai 
late 'laiying fiom 72 to 120 In this case the iiiegular and varying 
veiitriciilai late depended on a partial heait-block, although this was 
not lecognized at the time Lewis^ has since wiitten a very compre- 
hensne article on the subject in which he leports eight cases which have 
come undei his own obseivation and eight other cases which have 
appeal e"d in the liteiature from time to time and which apparently are 
all types of this disoidci Ritchie'"’ has also recently discussed the subject 
and lepoits foui cases in which the condition has been definitely pioved 
to be auiiculai flutter, and three otheis m which he believes that to have 
been the mechanism These include the ca'^e lepoited in his oiiginal 
aitiele Uume’s” ca«e, no doubt, belongs in this categoij’- 

Auiicular flutter when first desciibed was considered a laie condition 
As a inattei of fact, it is piobably comparatively common The lea^on 
foi lU apparent raiity is that it is impossible to detect these extiemc 
accelerations except by the use of giaphic methods, and unless a routine 
examination by these methods is earned out many of the cases will 
escape lecognition The condition i*? an abnoimal cardiac mechaiij^m 

Read at the meeting of the Ameiican Climatological Association, Wi‘^h 
ington, D C , May 6, 1913 

” Submitted foi publication July S, 191.3 

1 Jolly and Ritchie Heart, 1911, ii, 177 

2 McWilliams Joui Physicians, 1887, viii, 29G 

3 Hert? and Goodhart Quart Joui Med , 1909, ii, 213 

4 Lewis Heart, 1912 iv, 171 

Ritchie Edinburg Med Joui , 1912, iv, 485 

C Hume Quait Jour Med 1913, vi, 235 
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characteiized by a lapid, rhythmic, coordinate contraction of the aniicle, 
the rate usually being somewhere between 200 and 800 per minute A 
notable characteristic is the constancy in the auricular rate, any change 
due to posture or exercise being almost entirely negligible Some degree 
of heart-block is usually present, consequently the ventricular rate is 
slowei and may be regular oi irregular 

It IS a widely accepted belief that the noimal cardiac impulse is 
brought about by a stimulus which arises in the smo-aurieulai node, 
sometimes called the pacemaker, situated near the mouth of the supeiioi 
vena cava This node gives use to impulses in a healthy adult at the 
rate of about 72 to the minute The rate is subject to wide variation's 
as the result of exercise, emotion, fevei and vaiious other causes The 
details of the mechanism which controls the rate are by no means clearly 
undeistoodj whether the ordinal y accelerations are due to diminished 
vagus tone or to diiect stimulation through the sympathetic oi to some 
other cause, it is not easy to prove, but, at any rate, it seems clear that 
all these simple accelerations are under the control of this mechanism 
whatever it is, and that all the impulses come from the normal point of 
origm These have been called tachycaidias of a physiological tvpe, 
because they are '’imply the normal phenomenon exaggeiated 

In auricular flutter the predominating evidence is that the origin of 
impulse is ectopic, that is to say, some other point than the normal 
pacemakei has taken on the function of stimulus production It is well 
known that the oidmary premature auricular beat is the result of some 
pathological, usually ectopic, impulse formation If a senes of these 
beats arise in quick succession we lecognize the condition clinically as 
paroxvsmal tachycardia This is usually characterized by a rate of 110 
to 200 — rarelv over 180 If, hoivever, this abnoimal focus in the aunclo 
giies rise to impulses at a rate greater than 200 the condition has been 
called aunculai flutter This maj' seem an arbitrary division, for eti- 
ologically and pathologically it apparently does not diffei from the simple 
parox^^smal tjqie but clinically it differs sufficiently so that it is con- 
sideied adiisable that it be classed in a separate category It has been 
found, also to hare a close relalion to auricular fibiillation, and vhen 
one considers the pathology" and mechanism it is easy to see how icadily 
a condition in which there is one abnormal point taking on the function 
of stimulus production might pa'^s into a condition in which man} foci 
hare appropriated that function 

Some of the leasons for believing that the stimulus rrlnch gives rise 
to this action is ectopic in nature arc as follows 1 The already- 
mentioned close 1 elation betrrecn this and the isolated prematuio 
aunculai beat, the simple paroxjsmal tachycardias and aunculai fibi il- 
lation 2 The auiicular complex as lecoided bv the electrocardiograph 
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differs essentially from those which use from the normal pacemaker 

3 The rhythm is not under nerve control as is the normal rhythm, being 
practically unaffected by posture, exercise or nerve stimulation 

The late of the auiiculai beat varies considerabty In the cases 
collected by Lewis it has varied from 200 to 330 per minute As already 
mentioned, this late is lemarkably constant, although observations made 
at long intervals of time show some variation in the rate Observations 
made on the same day or on succeeding days usually show but little if 
any change 

The ^entiiculai late is usually slower, due to some degree of heart- 
block The most frequent condition is a 2 1 ratio, in which the ventricle 
responds to each alternate auriculai contraction However, there may be 
any variation and instead of 2 1, the response may be at the ratio of 

4 1 In eithei instance the ventiicular rate is regular If, however, 
as it IS now known frequently occurs, the responses are mixed so that a 
2 1, 3 1, 4 1, 5 1, etc, may be present, the pulse becomes entiiely 
irregular and may be with difficult}’^ distinguished from auricular fibril- 
lation The ratio of response may vary with exercise so that a patient 
who, lying down, would have a regular pulse at the ratio of 4 1, might, 
when standing, have a regular pulse with a 2 1 response, or a patient 
with a regular pulse with a ratio of 2 1 while active might have an 
irregular pulse because of mixed responses when at rest In most of 
these cases the original grade of heart-block is increased by digitalis or 
strophanthus, which suggests tliat there is probably some impairment of 
muscle bundle conduction, for it is believed that these drugs have little, 
if any, mfiuence on the conduction in a normal heart Following the 
use of these drugs the regulai 2 1 response may be converted into a 
condition of mixed responses of 2 1, 3 1, 4 1, 5 1 An interesting 
fact IS that in the majority of instances these cases will pass from a 

2 1 to a 4 1 ratio rather than from a 2 1 to a 3 1, and if the ventricle 
IS irregiilai it is likely to consist of mixed 2 1 and 4 1 periods, though 
as Case 2 of those I am reporting shows, this is not always true Isolated 

3 1 01 5 1 periods may occur, but they are comparatively rare, and 
when a 3 1 ratio occurs successively the periods are usually short 

THE POLYGRAPHIC TRACINGS 

The first ease of Jolly and Kitchie, in which there was complete heart- 
block, and in which the jugular tracings were taken by a Knoll-Hering 
polygraph, showed distinctly the auricular waves On the other hand, 
in many cases the jugular tracing is of no value in the diagnosis and may 
even be of such form as to be entirely misleading In fact, the venous 
pulse in a 2 1 ratio is likely to be of the ventricular type Occasionally 
when the ratio is 4 1 one may get an auricular wave toward the end 
of the ventricular pause and if, as sometimes happens, there is an 
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unusually prolonged pause there may be a series of auricular waves toward 
the end of it Sometimes^ as in one of my cases, the auricular waves are 
=0 prominent as to seriously complicate the c waves and in the attempt to 
identify the latter one may get a clue to the condition The radial trac- 
ings are often of much more value in the analysis than the jugular and a 
close examination of the arterial pulse-curve alone may enable a positive 
diagnosis to be made The points to be borne in mmd as given in detail 
by Lewis aie. 1 Alternation is commonly present 2 The strength of 
the beats is substantially influenced by the preceding pauses This is true 
howevei, only when the pauses are too short for the ventricular contrac- 
tion to be of maximal efiSciency 3 In the heart-block of flutter theie is 
considerable variation in the As-Vs interval which modifies the expected 
pauses — a long pause is followed by a shortened conduction interval and a 
short pause by a lengthened conduction inteiva] 4 The weak heats are 
likely to be preceded by a relatively long presphygmic interval All these 
factois must be considered, and contribute to the difficulties of the 
analysis Usually when the latio of ventricular response is irregulai 
there is a definite grouping of beats, so that gioups of three or four beat'; 
of iiregular lengths may be repeated over and over again, but in some 
instances the ratio of response is so mixed that the condition is dis- 
tinguished from fibrillation with difficuliy 

TEEATMENT 

The general management of the case depends on the sjonptomb If 
there is evidence of cardiac failuie, of couise, rest in bed is of pai amount 
importance The latter is just as beneficial in this condition as in any 
other in which the heart muscle is overtaxed This was shown in Case 2 
in which the patient had no medication for four days aftei admission to 
the hospital, but whose symptoms improved pi ogi essively from the time 
of admission though the pulse remained unehanged Ordinaiy sedatnes 
should be used as indicated in the individual case 

The particularly beneficial drugs, however, are digitalis and stio- 
phanthus In seveial of the reported cases, during the administration of 
digitalis the fluttei has passed into fibrillation Then when digitalis is 
withheld the fibrillation has disappeared and the normal rhythm ha^ 
become leestablished Lewis explains this by sajnng that fibrillation 
seems to submerge the abnormal fast ihytlim, which may not recui wlicn 
the fibiillation passes oS As has alieady been stated, digitalis and stio- 
phanthiis usually slow the heart by increasing the grade of heart-block 
so that these drugs may act beneficially in either of these two nay‘= 
namely, by causing fibrillation, which may subside, leaving the ihytbm 
normal, or by slowing the pulse through increased heart-block 

In Case 2, digipuratiun grs l^/^, was given four times a day for eight 
days At the end of that time, as indicated by the tracing taken on I^farch 
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31, there was some increase in the grade of heart-block, causmg a slowing 
of the pulse with some characteiistic irregularity What the dominant 
mechanism was during the next month is a matter of conjecture, but 
presumably flutter was persisting all this time, and on April 29 a tracmg 
showed what appeared to he a 4 1 block The amount of digitalis the 
patient had been having at that time is not definite The patient was put 
on digitalis subsequent to this and a tracing taken on May 15 showed 
that the auricle had gone into fibrillation The date on which this 
occurred is not known Wliether the fibrillation will be permanent or 
whether the normal rhythm will become reestablished, as frequently 
happens, can not at present be stated 

I shall report two cases, showing typical polygraphic tracings, which, 
when analyzed, leave no doubt that the mechanism present is that of 
auricular flutter I have not been able to get electrocardiograms but have 
had to depend entirely on the polygraph 

CASE EEPOETS 

Case 1 — Edwm C , aged 48, was admitted to the Ehode Island Hospital, 
Nov 20, 1912, and came under my caie Jan 1, 1913 The patient is a native 
of Rhode Island and a jeweler hy occupation His family history is unimpor- 
tant He gives no history of any previous illness which might have any hear- 
ing on his present condition He drinks considerable alcohol habitually, and 
occasionally to excess A year before admission he began to get short of breath 
on exertion About five w'eeks previous to my examination his legs began to 
swell and shortly before admission the swelling had extended to his hands, face 
and genitals He had to get up at night to void urine occasionally He was 
at work until within a week of his admission to the hospital On admission 
there was slight swelling of all of the extiemities and of the genitals, with some 
edema of the abdominal wall, hut no definite signs of fluid in the abdomen There 
were moist r^les in the bases of both lungs behind Heart apex was in the fifth 
space 8 cm from the mid-line and the organ was not definitely enlarged Sounds 
vvere regular and clear, the aortic second slightly accentuated The pulse was 
regulai, of good volume and tension Examination of the urine showed a trace 
of albumin with a moderate number of hyaline and granular casts The quan- 
tity was rather scanty The functional test with phthalein showed 20 per cent 
efficiency Patient had a good deal of dyspnea which came on periodically, some 
days being much less marked than others It was relieved with morphin His 
condition remained the same for a number of weeks, except that the edema of 
the extremities was increasing and the dyspnea was perhaps moie marked His 
pulse was noted fiequently and w^as always regular At the time of the morn- 
ing visit, on the morning of February 10, it was noted to he rapid and irregular 
A tracing of the arterial pulse was taken at that time, portions of which are 
shown in Figures 1 to 4, inclusive These tracings show considerable stretches 
of an absolutely regular pulse at the rate of 143 per minute Intel speised here 
and there in the tracing aie irregularities of greater or less length The evidence 
afforded hy analysis is that the auricle is heating at the rate of 286 per minute 
and that the regular strips are a 2 1 response of the ventricle, while the irregu- 
larities are markedly irregular, the ratio of 2 1, 3 1, 4 1, 5 1, all being 

present 

While the dyspnea did not seem any more distressing with the onset of this 
irregularity, the edema did increase more rapidly after this rhythm was estab- 
lished and was relieved only hy the use of Southey’s tubes In a tracing taken 
February 20 (Fig 5) the irregularity was quite different, at this time a very 
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definite grouping being quite persistent For example, a group of five beats of 
varying lengths is repeated over and over again, the entire length of the group 
19 5 

being seconds The estimated ratio in these groups is 3 1, 5 1, 3 1, 

5 

4 1, 5 1, which would give an auricular rate on this day of about 308 Occa- 

sionally there is a break in this group 

This analysis of Figure 5 would seem most probably correct, though the evi- 
dence is not absolute 

The patient was given tincture of digitalis m xv 1 1 d from February 20 to 
March 15 The irregularity continued until March 10, when it was noted at the 
morning visit that the pulse was regular The tracing taken at that time showed 
the rhythm to be normal except for its modification from the Cheyne-Stokes 
breathing (Fig 6) The patient is still m the hospital without any very material 
change in his condition At times his dyspnea is marked and at times the 
Cheyne-Stokes breathing is marked, but there are other times when both of these 
are entirely absent The edema is still quite considerable and although it cleared 
up materially with the return to the normal pulse rhythm, it is still necessary to 
remove some of it by Southey tube drainage 

SUJOIAEY OF CASE 1 

A man of 48 suffering from progressive chronic nephritis with parox- 
ysmal dyspnea and considerable edema, suddenly developed an irregular 
heart action after neaily three months in the hospital This lasted for a 
month, when the rhythm suddenly became normal There were no notic- 
ahle symptoms with the onset oi end of the attack but the edema was 
considerably more marked while the condition persisted Cheyne-Stokes 
breathing was present at the time of the return to the normal rhythm 
Digitalis m moderate doses of the tincture was being administered during 
most of the time of the irregularity The tracings mdicate that the 
irregularity was due to a very rapidly beating auricle, associated with 
irregular ventricular responses 

Case 2 — K , aged 54, was admitted to my service at the Rhode Island 
Hospital, March 17, 1913 The patient was a native of Rhode Island, a jeweler 
by occupation and came in complaining of shortness of breath and swelling of the 
legs The physician who attended him before admission said that for a month his 
dyspnea had been marked and that it was with difficulty that he could go up even 
a slight incline The trouble had been coming on gradually for a year but in 
November, 1912, he had an attack of bronchitis with a persistent and troublesome 
cough which aggravated the condition, so that there was increased shortness of 
breath, some swelling of the legs and considerable dizziness on exertion He had 
to get up at night five or six times to void urine and was troubled a good deal 
with constipation His general health, he stated, had always been good although 
he had had hay-fever in the summer for a number of years On admission there 
was a good deal of dyspnea with orthopnea, some signs of a slight amount of fiuid 
in the right chest and rales, with a distinct pleural friction The heart was 
slightly enlarged and action very rapid but regular, there were no murmurs His 
blood-pressure Avhile in the hospital varied fiom 160 to 190 There was marked 
edema of both legs, with some dermatitis The amount of urine averaged from 
900 to 1,200 c c with a specific gravity from 1 009 to 1 012 showing a slight trace 
of albumin but no casts The heai t action was so rapid as to attract attention at 
once and a polygraph tracing was made It showed a rate of 138 per minute, with 
marked alternation of the pulse Patient, at first, received no medication Two 
days later another tracing was taken showing a pulse rate of 136 and still with 
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marked alternation The venous tracing on this day showed in places auricular 
waves at the rate of 272 per minute (Fig 7) March 22, four days after admis 
Sion, a third tracing was taken, showing the pulse rate 137 The patient had been 
in hed during the four days he had been in the hospital, hut was at this time 
allowed to get up and was given some exercises at the side of the bed and a 
tracing was taken immediately afterward The rate was absolutely unchanged 
March 23 the patient was giten digipuratum 1^ grs four times a day This 
was continued until March 31 The pulse was observed repeatedly and was always 
found to be regular, with the rate practically unchanged The first irregularity 
was noted March 31 after eight days treatment with digitalis A tracing made on 
tliat day shows a very interesting condition (Fig 8) There are shoit runs of 
beats of the same length as had been present during all the time when he was 
under observation, but between these runs are periods of irregularity Considering 
the condition while the pulse was regular to have been a 2 1 heait-block as 
evidenced by the venous tracing, analysis of the irregular curve shows a heart 
block of a 2 1 ratio in the regular strips and mixed 2 1 and 3 1 ratios in 
the irregular strips The irregularity is usually made up of groups of three 
beats, one of which is at the ratio of 2 1, the following two beats at the ratio 

of 3 1 In other words, when the pulse is regular there are four ventricular 
beats foi every eight auricular beats, while in the irregular periods there are 
thiee ventriculai beats for every eight auiicular beats The patient left the 
hospital on March 31, the day on which this tracing was made He was not seen 
again until the afternoon of April 29 He had gone to work and had been able 
to work for a week His old symptoms, however, returned so that he had to give 
up The edema on this last date was again quite marked He was sitting up in 
a chair and had spent several nights sitting up, not being able to sleep He vas 
having slight attacks of paroxysmal dyspnea Cheyne Stokes breathing of 
moderate type was present The patient was able to move about the house with 
out much evidence of shortness of breath A tracing was taken which showed 
a regular pulse, rate 82 to the minute with slight alternation (Fig 9) The 
tracing was continued at intervals for about an hour but at no time was there 
any irregularity nhatever The rate was absolutely constant The patient twice 
got up from the chair, walked about the room and a tracing taken immediately 
after showed no change in the rate The jugular tracing was not very satisfactory 
and while there were some extra small waves, there was nothing characteristic 
enough to make it absolutely sure whether the flutter is still persisting or not 
The absolutely persistent rate unaffected by exercise suggests very strongly that 
the condition was still present and that there was a 4 1 block Urinalysis 

sp gr 1 020, trace of albumin, with a number of small liyaline casts The 
patient nas again seen May 15, when a tracing showed that the auricle had 
passed into fibrillation (Figs 10 and 11) 


SUIIMAHT OF CASE 2 

A man aged 54, with gradually increasing dyspnea and edema foi a 
year, comes undei observation wnth chronic nephritis and an enlarged 
heart in stage of decompensation, and a pulse of 136 to 138 uninfluenced 
by posture or exercise Auricular waves are present in the venous tracing 
at the rate of 272 per minute, indicating a 2 1 block With rest in bed 
improvement was steady but the pulse was not sloved until after eight 
days of digitalis, when it became irregular, the latter being due to an 
increased giade of heart-block Six weeks later the auricle was found 
to be m fibrillation 

Eitchie recognizes four groups of cases, the division being based on the 
symptomatology These groups are as follows 
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1 Those in 'which there may or maj’^ not be signs of cardiac disorder 
but in which the symptoms are due to the rapid auricular and consequent 
rapid ventricular rate It is perhaps in the cases of this gioup that the 
diagnosis of the condition is most difiScult and also that it is of the most 
importance For if there is no serious cardiac lesion and the auricles 
can be made to revert to their normal rhythm, the symptoms will quickly 
disappear and the patient may remain well foi an indefinite period 
Certain of the cases of this group, except for the greater rapidity of the 
auricular action, are hardly to be distinguished from oidinary paioxysmal 
tachycardia The ratio of heart-block is likely to be 2 1 and unless 
some variation of this ratio occurs producing some irregularity, it may be 
impossible to arrive at a diagnosis from an analysis of the venous and 
arterial tracings Persistent searching, however, is likely to discover some 
irregularity which may at once establish the diagnosis 

2 Cases of old standing cardiac disease in which the auricular tachy- 
cardia IS apparently an incident m the progress of the disease "With the 
onset of flutter in these eases the condition usually becomes worse^ as 
frequently happens with the onset of fibrillation 

3 Cases in which there is partial heart-block as a consequence of 
which the ventricular pulse is slow and likely to be irregular 

4 Auricular flutter associated with complete heart-block In tlie 
latter, of course, the ventricular action is entirely unaffected by the rapid 
auricular rate 

It would seem reasonable to class the last two gioups as one, inasmuch 
as the chief difference seems to depend on the grade of the impairment of 
conduction between the auricles and ventiicles 

The two cases reported present ceitam points of similari't^'^ and would 
apparently fall into the second group mentioned by Eitchie Both weie 
near the end of the fifth decade of life In each case there was some 
aiterial hypertension, some chionic disease of the kidneys, some cardiac 
hypeitiophy with cardiac insufficiency as'^ociated with dyspnea and edema 
In one instance the onset of the abnormal rhythm and the reestablishment 
of the normal rhythm occiiiied while the patienr was undei treatment m 
the hospital Tracings were not taken immediately before the rh}thm 
leturned to normal, so whether it passed through the stage of fibrillation 
is uncertain The duration of the abnormal rhythm was about a month 
In the other case, the auiicle was in flutter when the patient came under 
obsenation It passed into fibrillation about six* veeks latei and has 
remained in that state 
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THE CAUSE OP THE SPECIFIC DYNAMIC ACTION OF 

PEOTEIN 

GRVn.\M LUSK 

MW ^orIC 

On tlie occasion of the Intel national Congiess of n)'giene and 
Deinograpln held m Washington in 1912 it was pointed out that the 
ingestion of 25 gianis of gl} cocoll oi of 20 gianis of alanin, each of which 
IS con\ertible m the oignnism into 20 giains of glucose, caused a very 
great ri^e in the quantit'\ of heat produced by a dog, wheieas the inges- 
tion of 20 grains of glucose it'-elf had a slight oi a negligible influence 
It was aho shown that when glutamic acid was administeied theie w'as 
no increase in tlie heat production of the dog Since glutamic acid yields 
both sugar and uiea in the coulee of its metabolism, it was concluded 
that the inci eased licat production aftei gning gl} cocoll and alanm could 
not be due to the processes of sugai foimation, of deamination oi of 
formation or elimination of uica Also, ingestion of uica gave negative 
results as legaids increased heat pi eduction Tt seemed, theiefoie, that 
the stimulus to gi eater lieat pi eduction given by glycocoll and alanm 
must ha^e been due to then own chemical indniduality It was further 
show’n that leucin and tyro'^in incieaced metabolism, and that a mixture 
of 5 5 giams of each of the fne amino-acKF, glycocoll, alanm, glutamic 
acid, leucin and t}ro':m caused an elTect on metabolism which was o': 
pronounced as that ob'^ened aftei giving 25 grams of glycocoll alone 
It was greater than that following the ingestion of 100 giams of meat 
wliieh contained about the same quantity of nitiogcn That the effect 
of this mixture of the vaiious ammo-acids w'as one of summation is 
shown m the following new expeiiments 

The experiments w'eie perfoimed on Dog 3, weighing 12 lalogiams, 
wdiose basal metabolism (tliat obtained eighteen houis after adminis- 
tering a standaid maintenance diet) as determined on Febiuary 26, 27 

•Address delivered at the International Physiological Congiess, Gioningen, 
September, 1013 

* From the Physiological Laboiatory of the Coincll University Medical College 

* Submitted for publication July 21, 1913 
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and Maicli 28, was found to average 19 8, 19 7 and 19 9 ealoiies per 
hour The ammo-acids were given eighteen houis after the ingestion of 
food and the metabolism determined for three or four hours afterward 
It was found in this way that the mcrease in heat production after giving 
5 5 grams of glycocoll was 3 1 calories, after 5 5 grams of alanin it was 
3 9 ealoiies and aftei a mixture of 5 5 grams of each 8 5 calories In 
other words, the basal metabolism was raised by glycocoll in this small 
amount 5 2 per cent , by alanin 6 6 pei cent and by the two mixed 
together 14 1 per cent These expeiiments prove that there is a sum- 
mation in the heat-increasing power when the two amino-aeids aie 
ingested together This one would expect to find from the behavior of 
metabolism following meat ingestion 

The results of these expeiiments reinforced the conclusion already 
published that the mcrease m metabolism after the ingestion of meat 
IS due to the mass action of absorbed amino-aeids acting on cellulai 
protoplasm 

An expenmenttim crucis was devised to determine whether glycocoll 
itself IS a stimulus to metabolism ^Vhen glycocoll is administered in 
phlorhizm glycosuria its energy content is almost entirely eliminated m 
the form of sugai m the urine It may be computed that 10 grams of 
glycocoll containing 31 10 calories of energy are converted into 8 grams 
of sugar with 29 62 calories and 4 grams of uiea with 10 11 ealoiies 
The reaction is, therefore endothermic If the heat production be 
increased after giving glycocoll m phlorhizm glycosuria it would be 
certain that this would be due to the chemical nature of the substance 
and not to its eneigy content 

Considerable difficulty was occasioned by the fact that the fasting 
diabetic animal, when placed m the respiration calorimeter at a tem- 
perature of 26, almost invariably vomited the solution of glycocoll 
administered After six experiments on four different dogs success was 
obtained The record of metabolism began an hour and three quarters 
after the mgestion of 12 5 grams of glycocoll As on other occasions, 
the dog manifested polypnea about an hour after administration of the 
glycocoll On this occasion the animal was held m an upright position 
for over an hour before placing m the calorimeter, a procedure which 
often prevents vomitmg That the cause of the polypnea is due to the 
increased pioduetion of heat may be deduced from experiments of 
Wiggers, who mtroduced 4 c c of IST/IO solution of glycocoll into the vein 
of an anesthetized cat without changing the nature of the respiration 

The expenmenfuin ciiicis showed that the effect of glycocoll was to 
mcrease the fasting phlorhizm metabolism of 25 9 calories per hour to 
one of 31 4 calories, a rise of 21 per cent A calculation from the uiinary 
findings showed that within the short period of four hours an elimmation 
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of 7 of the 10 glams of extra sugai mIiicIi can arise fiom 12 5 grams of 
glycocoll, achially occiiiied Fiom foimei expeiiments tlieie can be no 
doubt that e^sciitiall} all the gh cocoll uas com cited into sugar A 
control expel inicnt slioucd that the ingc'^tion of 10 giams of glucose 
did not cause an inciease in heat production, altliougli 4 7 giams of 
extra glucose tverc eliminated in the urine during the peiiod of thiee 
hours. Since the potential encig\ of 12 5 giams of glycocoll is largely 
eliminated in 10 giams of uiinai^ mgar, and the actual elimination of 
sugar IS not accompanied b}* increased heat production, it follous that the 
rise in metabolism aftci gh cocoll ingestion is not domed from the 
energy content of the gh cocoll administeicd. but that glycocoll itself acts 
directh as a slmiuliis to metabolism 

Uhere is only one othei poscibilit}, namely, that .uhanced by F G 
Benedict, to the ctTect that organic acids arc the efTcctiyc stimuli The 
chief support of Benedict's Inpothesis lies in his statement that d-fnictose 
increases the heat production in diabetics c\cn though much of this sugar 
be comerted into glucose and none of it is oxidi/cd Here one might 
surmise that such intermediary, pioducts of sugai metabolism as lactic 
acid or mellnl gho\al (Dakin) might be the clTcctne stimuli to inci cased 
heat production In like manner, the oxy-acids gh collie oi lactic, derived 
from gh cocoll or alanin oi the keto-acids of the same senes might be 
the cfTectne stimuli nftei the ingestion of the amino-acids 

To ln^estlgato this pioblcm, eth^l ghcolate and etlnl lactate have 
been administered to dogs 'Wlien the foiinci vas gneii in doses of 12 
grains it plo^ed to be a toxic agent Eth-\1 lactate, liovever, increased 
metabohsm, and to a much liighci extent than did its alcohol component 
gnen alone Lactic acid itself has not been given, and ex^ieriments with 
gh collie acid ha^c pioNcd futile smcc it was vomited whenevei admin- 
istered The vork vith etlnl lactate docs not necessaiily piove that 
lactic acid is in itself a sjimulu« to metabolism, as the etlect pioduced 
might have been due to the action of some of the absoibed estei The 
affirmation of Benedict’s theoiy cannot, thciefoie, be given 

Pending fuithei inyestigation it is well to lecall that glutamic acid, 
wdiieli lb a dicai box'll amino-acid excits no intluence whatever on heat 
production, although this sulislance foims uica and is in pait S 3 mthesized 
into sugai in the body This behavioi favois the validity of the state- 
ment made a j'eai ago that the inciease in metabolism which follows 
the ingestion of meat is due to the mass action of ammo-acids acting 
on cellular piotoplasm 

Piist A%entie and Twonly-Eighlli Slieot 

nrri ursers 

Luck Join Biol Chcni , 1012, \ni, 155 
Benedict Beulsch Aich f klm Med , 1013, c\, 154 



SOUECES OF EEEOE IW THE USE OF THE STOMACH-THBE 
FOE DIAGNOSIS PEELIMIHAEY EEPOET 

TORE WAGNEE HAEMEE, MD, and WAL TER J DODD, MD 

BOSTON, MASS 

It has been our experience that the tmaided stomach-tube occasionally 
fails to detect gastric stasis which is demonstrable with the bismuth meal 
and Eoentgen ray Disci epancies m the Eoentgen ray and stomach-tube 
findings were apparently not due to the position of the patient at the 
time of the passage of the tube , for we have observed them with patients 
in the sitting, supine and light reclming positions The long axis of the 
stomach is more perpendicular than horizontal, but inclines somewhat to 
the right Theoretically then, when the patient is reclining slightly on 
the right side, the gastric contents should occupy a narrower portion of 
the stomach than when the patient is in the erect sitting position, which 
IS commonly employed in using the stomach-tube The contents of the 
stomach in the slightly reclming right-sided posture should be of greater 
depth than when more spread over the greater curvature, as is the case 
m the erect sitting posture, and should, therefore, be more readily 
siphoned oS with the tube Even with the patient in this position we 
have failed with the tube to detect residuum which was demonstrable 
with the Eoentgen ray Curious to determine the cause of this ineffi- 
ciency oi the stomach-tube, we were led to watch by means of the fluoro- 
scope, the course taken by the tube We have observed in several indi- 
viduals that the end of the tube did not pass directly to the most 
dependent portion of the stomach In these cases, the tip of the tube first 
touched a portion of the stomach wall well above the most dependent 
portion As more tube was passed, the end of the tube slid along the 
wall of the stomach a greater or lesser distance and became impinged 
against the stomach wall On further passage of the tube, the end 
remained fixed and a downward bowing of the tube into the lower portion 
of the stomach occuired This downward bowing of the tube apparently 
diverted the direction of force on the tip of the tube, for, as more tube 
was passed and the dependent loop of tube increased in size, the tip 
sooner or later slipped from its fixed position The force on the tip was 
then upward through the dependent loop of tube and consequently the 
tip slipped upward toward the cardia, that is, it became further removed 
from any residuum which may have been present in the stomach On 
passmg still more tube, the end may follow about the wall of the stomach 


* Subnutted for publication, Aug 18, 1913 
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and inav e^en^nall^ icaoli its ino':! dependent poition We ha^e obsened, 
howe\ei that it lna^ again cui\c hoiizontally and then upward The tip 
of tlie tube nuT^ skini tlie ‘^iiifaee of the lesiduum and theiefore diain 
onh a poi tion of it Tm ther p.i^'^age of tlie tube in the liope of reaching 
a deepei le^el of the content': ina} fail, bccciusc the tip maj cui^e upward 
The ’c^iilt in cuch ca':e‘: inaA not be "eiiou'^h deceptne The deirree of 



1 jgijif‘ ] 

''ta''!'- may bo uiideie'-tiniatcd, but the analysis of the siphoned contents 
mav show" stasis In come instances, how’evei, consideiable amounts of 
residuum may entiiely escape detection by the tube Although the 
accompanying skiagiaphs do not show the couise of the tube as satis- 
factorily as the fluoioscope, they aie sufficiently indicative and require 
but little explanation 
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Figuies 1, 2 and 3 illustrate a snceessful passage of a stomach-tube 
Figure 1 shows the outline of the stomach with bismuth meal The 
lower border of the stomach is on a level with the inferior surface of the 
fourth lumbar vertebra The patient is in a marked inclined position 
In Figure 2, measuring from the incisor teeth, lYi/o inches of the tube 



Figure 2 


have been inserted The end of the tube is shown opposite the lower 
surface of the fiist lumbar veitebia and the bismuth residue opposite the 
middle of the fouith lunibai lertebia (just below the umbilicus, as 
indicated by the ciicular marker) Further passage of the tube was 
observed on the fluoroscopic screen and when the tip of the tube reached 
the bismuth residue. Figure 3 was taken Twenty-six and one-half 
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inches of tube had then been passed, 01 inehc': hejond the tooth-maik 

on this tube 

Fiffuie' 4 and 5 illustrate the 00111=0 of the tube in aiiothei case, an 
unsuccessful ])assago I’lie pictuics ueie taken mimediatel}' aftei the 
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ingestion of a bismuth meal with a considerable amount of fluid The 
patient is standing There is no gastroptosis, the lower border of the 
stomach being ]iist above the umbilicus, as indicated by the marker As 
the tip of tube emerged fiom the esophagus into the stomach, the fluoro- 
scope showed that it curved almost immediately to the left and became 
impinged against the stomach wall On the passage of more tube a 
dependent loop formed When 23 inches of tube had been passed, Figuie 



Figure 4 


4 was taken The fluoroscopic obseivations in the meantime showed the 
tip had remained pi acticalty stationary Xlie figure sho™ the tip of tte 
tuto an inoh above the level of the fluid in the stomach Even the loivest 
portion of the tube (the bottom of the dependent loop) is only at the 
L of the bismuth meal, that is, SV, inches above the most aepento‘ 
portion of the stomach In Eigure 6, 16 inches more of the tube haie 
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been iii'^eitcd a total of 30 iiielic': It i‘' seen liowevei, tliat tlie tip of 
the tube occupies piacticalh the same po<^ition as in the pievious figuie 
The tip i«; apparently fiimly iinpinged The dependent loop lias iiici eased 
in sire and ha's adianced into the jnloiic end of the stomach Owing to 
the narioune*''' of tlii‘- ]iait of the ‘'toinach tlic cune of the loop has 
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become <-haipei O’lie toimation of tln‘' loop, as seen on the tluoio‘'CO]nc 
‘=cieen, is shown in the acconpianying diagioms (Fig 6) Diagiam (a) 
conesponds to Figuie i Diagiam (g) coiicsponds to Figuie 5 Up to 
this point, the pas'^age of 30 inches of tube, no fluid was siphoned fiom 
the stomach 30)0 explanation is obvious fiom tlie figuies, winch show 
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that the tip of the tube Avas constantly above the level of the fluid Tlie 
tube was then giadually Avithdiawn, but still no fluid was siphoned off 
The tip at no time leeeded beneath the level of the fluids merely the loop 
Avas AvithdraAvn 

Figuies 7, 8 and 9 illustrate another unsuccessful passage of a 
stomach-tube Figure 7 sIioavs the size, shape and position of the 
stomach, the loivei boidei being just beloAv the umbilicus, as indicated bv 
the maikei, oi on a level Avith the top of the fouith lumbar veitebia 
Fluoioscopic obserA^ations revealed a veiy similar condition, as legards 
the relation of the tip of the tube to the cardia, as in the previous ease 
As the tube emeiged from the esophagus, it curved directly toAvard the 
left and upward until it impinged against the stomach Avail As more 



tube Avas passed a dependent loop formed The tip finally slipped from 
its position against the stomach wall and came to lie at a highei leA^el 
in the cardia Figure 8 was taken Aidien 35 inches of tube had been 
passed The tip is in the magenblase, as indicated by the light space in 
the figure The lowest part of the loop is just beloAv the top of the third 
lumbar Aeitebia, or about 1 inch aboA'e the lowest portion of the stomach 
(see Fig 7) In an effort to reach the lowest portion of the stomach 
Avith the tip of the tube, more and moie tube was passed and constantly 
observed on the fluoroscopic screen When 46 inches tube had been 
inserted. Figure 9 was taken At no time during these fluoroscopic 
observations did the tip or any other part of the tube reach the lowest 
portion of the stomach The figuie shoAvs the lowest portion of the tube 
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at llic le^cl of (lie initldle of llie thud Jiiinbai \citebia oi about 1 inch 
abo\e the lowc^^t boidei of tlie stoinaoli (see Fig 7) The tip of the tube 
1 ? on a lc\el i\ith the top of tlie *=0(0^1 luinbai veitebia The accompany- 
ing diagi.iin« (Fig 10) illu^tiatc the coui‘?e of tlie tube duiing its coin- 
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of the stomach and that tlie passage of more tube caused the formation of 
several kinks At no time did the tip reach the lowest portion of the 
stomach, and, furthermore, the kinks themselves would have pi evented 
the siphonage of any residue 
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Cuiious to ascertain why the tip of the tube may become deflected 
in the eardia on emerging from the esophagus instead of passing diiectly 
to the most dependent poition of the stomach, we weie led to pass 
stomach-tubes thiough a section of glass tubing about the length and 
diametei of the esophagus TVe have frequently seen the tip of the 
stomach-tube, after emerging from the lower end of the glass, deflect 
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fiom ihe long axi^ of ihc glass Stoniac]i-tubc« aie deli\eied fiom the 
mannfaetiiiei" coiled Stoiiiach-liibes aie coinmonl} kept coiled Just 
befoie pas'sing iho\ aie cominonh coiled in ba'Jins oi pitchers of ice oi 
cold nalci 'J'he lube acqnno': a icndenci In cnne. and ne believe it is 
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Figmc 0 

the tendency so acqnned whicli is lesponsiblc foi ils deviation fiom a 
stiaight couise aftei cinciging from the lowci end of the csopliagus If 
the cuive of the tube accommodates itself to the ciiivos of the stomach 
wall and if the tip does not become impinged against the stomach wall, 
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the tip will reach the most dependent portion of the stomach Deductions 
will be eoirect If, however, the curve of the tube does not accommodate 
itself to the curves of the stomach wall and the tip becomes impinged 
against the stomach wall, the tip may not leacli the most dependent 
portion of the stomach Deductions will he incorrect 

Believing that it might be possible to allow foi the curving tendency 
of the tube, we have started to pass tlie tube in such a position that, when 
it emerged fiom the lower end of a glass tube lepresentmg the esophagus, 
its tip should point towaid the pyloius This reasoning was shown to be 
fallacious, foi the direction of the tip at times as it emeiged fiom the 
lowei end of the glass was eontiary to expectations The tube, in passing. 



Figure 10 

at times became revolved by its contact with the glass tubing, and this 
1 evolution could not be prevented with ceitainty 

The proportion of successful and unsuccessful passages of a stomach 
tube IS dependent in part on the tightness in which the tube is kept coiled 
and on the flexibility of the tube The more flexible is the tube, the less 
apt IS it to maintain a curve after coiling, but the more apt is it to kink 
when its tip impinges against the stomach wall The stiffer is the tube, 
the more apt is it to maintain a cuive aftei coiling, but the more apt is 
its tip to slip along the stomach wall 

The proportion of successes and failuies is also dependent on the 
posture of the patient and on the position the stomach occupies in the 
abdominal cavity In cases of gastroptosis the degree of displacement 
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nun bo mideiC'nnuitod and an iinnnicient ]en«:tli of tube pa^^^ed This, 
^\e belie\e is a common onoi (’ontiau to oni expectations, ]lo\vc^c], 
Me ha\c found in «ome ca^e^- of e\en maiked ]){o‘;i'; that, if enough tube 
be ji.n^^od ilio mo‘'( depondoni juution of Ibc ‘^iomach may be leaclied 
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de‘'pite the lendciKy oi tlie lube to cuivo Tn such cases it appears that 
a long, tnbulai caulia lends to guide Ihe tube to llie bottom of the 
stomaeh Figuies 11, 12 and 13 illustiale such a case 

Tiguie 11 M'as taken immediately aftei the ingestion of a full bismuth 
meal and shoM's the loM^ei boidei of a long, tnbulai stomach 1 inch abo\e 
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the symphysis puhis In Figure 12, 23 inches of tube (that is, to the 
tooth-mark ) have been passed The tube is shown inclining toward the 
left border of the stomach, the tip opposite the top of the fourth lumbar 



Figure 12 
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^el^ebla Dining the jiii'^sage of tins tube, as in pievions cases, fluoio- 
scopic obcenalions iieie constantly made and the tip of the tube was 
‘Jccn to cntei llie bisnnitb meal Figine 33 was taken ivlien 34 inches of 
tube had been in<=cilcd The up ha'^ emeiged fiom the bismuth lesidue 



Figuic 13 


and IS on a level with the middle of the fouiih lumbai veitebia This 
ca'^e illustiates a successful passage of a tube and appaiently the long, 
tubulai form of the caidia and peihaps the confoiniity of the false pelvis 
tended to dnect the tip to the most dependent poition of the stomach 
Tn this case the passage of 31 inches of tube was necessary to leach the 
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lowest pait of the stomach (that is, 8 inches beyond the tooth-mark on 
the tube used) Several facts were shown in this case If exactly 31 
inches of tube had been inserted, the bottom of the fluid would have been 
reached, siphonage would have been complete and deductions as to the 
amount of residuum correct But as there is no way of knowing exactly 
when the lowest level of the residuum is reached, it is obvious that too 
much or too little tube may be passed In this case, if somewhat less 
than 31 inches of tube had been passed, siphonage might have been estab- 
lished but the passage of moie tube on the cessation of flow, in the hope 
of reach] ng the lowest level of the residue, might have failed, owing to the 
passage of too much tube, the tip emerging above the fluid level Under 
these conditions, the gradual withdrawal of tube in the hope of resub- 
merging the tip would not reestablish siphonage once broken This fact 
may be easily demonstiated with a tube and a partially filled flask 

Furthei observations are being made on various t 3 '^pes of stomach and 
experiments in the construction of a tube which will obviate these 
difficulties 

From these simple observations it is obvious that failure to recover 
gastric residuum with the unaided stomach tube from a fasting stomach 
01 after the ingestion of a test meal cannot be accepted as conclusive 
evidence of the absence of gasti ic stasis 

192 Mailborough Street — 205 Beacon Street 



TUROMBOSTS 
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111 file uar 1011, af the 111001111*;: of llie Deutsche Natuifojscher iind 
Aozic, I cubniiffcd a icmcm 011 llic ‘^iibiccl of Tliiombo^is The question 
was biouglif up bcfau^e flie iiieiea^^ing iiuinbci of opeiations m suigical 
and gMiccological practice ha*- made a fatal oinboli*-!!! of the lung, the 
sequel of a thrombo'-i'' of moie and 11101 e fiequent occuiienee 

The inoie we li\ to ob\iate thi*- daiigciou^ coinplieation, the nioie 
uigeni 1*= 0111 obligation to find out the cau‘-e oi thioinbo'-i': InTow’, there 
1C no doubt at all. to uce a matheniatical /iguic ol cpcecli. that thioinbosis 
IS the function of a nuinbei of laiiahlec Theie is not a si 7 ifflc cause, 
but quite a mnnbci of difreient (ondiiionc wiiicii aie cloceh lelatecl to the 
occuiience of ihroinbo^i- Among thc-o mat be mentioned hete, tiist, 
ehangec in the bloodqilaMiia (dimini-hed 01 inci eased coagulability) , 
eccondh. ehanircc m the blood element'' (inciea'-ed 01 diminished poweis 
of agglutination) . tliiidh. thaiiL'C'- in the blood flow (dowing and foi- 
ination of eddies), and lastit. cliamrc'' in the \ecH‘l wall ifcelf (endothelial 
damage) An inqniit into the meclianicm of thiombosis shows that 
coinetiinos one factoi, sonutimes anothei, phu- the jnincipal idle 

The Mew that iiuicaccd (oauulabilitc of the blood ic an essential point 
for the piodiu turn of thiombosi*'. has been "iiongh ujiheld ecpeciallv by 
clinical ob'-eneis 'J'hc existence of ihi" inr leased ( oagnlabihtv and the 
likelihood that it is a jiiomotiiig fadoi, 01 bottei, an accompaining 
Jihenomenon of thiombosi< (annot bo denied But all histological 
leseaich since the eaih woik oi Zabn Kbeith and Schimmelhu'ich, Welch 
and otheis, speak" foi tlie mow that in Ininian beings the occuiience of 
fibiin coagulation is not the tiisl stage* of thiombosi*;. but that impoitant 
changes m the moi jihological blood const ituent': piccede it The«o lattei 
change*: mu*:t be exjdaincd heloie the mochani"!!! of thioinbosis can be 
undei «tood 

It IS conceining the moiphological stiuctuie of a thiombus in con- 
tinuation and amjilitieation of mt icmow mentioned abo\e, that T wu'^h 
to speak 

AtOlll'lIOLOGlCAL SrilUrTUUr OF TlIllOMBI 

Since w'e have knowm from the woik of Zalin, on the one hand, and of 
Eberih and Schimmelbuseh on the otliei, that the blood-platelets and 
leukocyte*: leally have to do wuth the building of a thiombus, the idea 

*Tlip Cniiwiiglii Lcclmes foi the \eai 1013, of Hie Association of the Alninm 
of the ColJoge of PJiygjcians nml Singoom, CoJiniibia Umveisity 
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TGadily sug'g'GstGcl itsGlf tliat tliG whiter color of one p&it of a thrornbus 
was to be refeiied to an accumulation of these elements, which would 
thus appear to constitute the first material laid down in the process We 
have become accustomed to speak of white, mixed and red thrombi, but 
the relationship of these different appearances to one another, in spite of 
the early woik of Zahn and otheis, has not been wholly and correctly 
appreciated in the literatuie of the subject We must remember with 
Welch ^to whom we must give thanks, as well as to the previously men- 
tioned authors for the most exliaustive experimental work on thrombosis 
that in a completely finished thiombus, for example in the femoral vein, 
the vaiiations m the colors are perfectl}'’ regulai The first part 
{Kopfteil) of the thrombus is chiefly of a white color, and represents the 
so-called white thrombus, and on this a middle part (Halsteil), mixed in 
color, and a deep red, distal and final portion {Sclmanzteil) are sub- 
sequently laid down The fiist pait {Kopfteil) may be of the smallest 
possible size and extent, whereas the final red part (Schwanzteil) often 
foims the bulk of the thiombus, and may measure many centimeters 
Thrombi in other parts of the venous system are built up on exactly the 
same principle 

It is easy to understand that red thrombi occur only where a white 
thrombus has moie or less completely obstructed a vessel, and that they 
cannot occur where the white thrombus only partially obstructs the lumen 

Very long white thrombi can aiise only when the blood-stream con- 
tinues to pass through a vessel Prom all these points a rule can be 
formulated which holds for the majority of all autochthonous thrombi in 
human beings, namely, that the white thiombus is the determining and 
peculiar factor in the whole process, and that red thrombi are onty, so to 
say, accidental — they may occur but not necessarilj^ An exception would 
of course be the ease of a pure red thrombus arising by autochthonous 
thrombosis, and not consisting of a piece of an ordinaiy thrombus which 
had been bioken off and carried away Such an event, if it occuis at all 
IS certainly very raie 

Our interest, then, centers on the question of what this Kopfteil, or 
fiist part of a thrombus, looks like under the microscope The stiiictiire 
of it will perhaps give us an understanding of ita mode of origin 

Pirst of all, we must remember that the much quoted Zahn’s markings 
on the outei surface of tlnombi — ^the small ripple-like, net-like and linear 
markings — aie only to be seen on the Kopf and Kulstctl of thrombin 
whereas in the red part of the thrombus they fade and soon totally dis- 
appear These walkings are merely fine, white elevated lines or ridges 
which are specially well brought out when the furrows between are i eddish 
in color, or where a mixed red and white thrombus, as in the Halsteil is 
piesent Along with the explanation of this marking stands or falls the 
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whole piobleni of thiombiis formaiion, so fai as consideration of the 
majority of cases of autochthonous thioinbosis goes This decision 
appears at fust sight a bold one, but uill leadily be undeistood when the 
microscopic ‘ill iicture has been taken into account A longitudinal section 
tlnough the Kopf and Ilalsictl of a thiombiis shows tliat the veiy delicate 
surface delation is only the ‘summit of a framewoik of beams, which m 
delicate lings like a mass of coial, forms the skeleton of the whole throm- 
bus "Wlien a thiombiis at quite an eaily stage in its dcTelopment is 
examined, this franieuoik is seen to be a finely gianular mass which con- 
sists simply of an accumulation of blood-platelets All the beams of this 
framework aic sui rounded by a boidei of polymoiphonuclear leukocytes, 
b} means of uhicli the} aie dilTeieiitiated even more shaiply fiom the 
led blood-ma'^s uhich fills up the numcious spaces between. 

But it IS not onh the icgular and definite sepal ation of the dilTeient 
blood-elements uhicli i*; curpnsing, but the fuither fact that all the 
beams of the fiameuoik stand in a \eiy special lelationship to one 
another The beamc follow one aiiothei at faiily legiilai intervals, and 
build up gioup-likc 'J} stems, inside of which the diieetion of the beams 
IS much the same In addition, how'eiei. secondaiy beams are seen in 
these gioups extending either upwaid'^ oi dowmwaids fiom the piimaiy 
beam of the framework It must be admitted that dissimilaiities also 
occur heie The moie we approach the pointed outer extiemity of the 
Kopfictl the broader become the beams of the framcw’Oik, the fiiriows 
between disappear, until finally the beams unite into a single mass, to 
foim the pure white outci surface of the Kopficil 

The mo'Jt important point, however, in the stuictuie of this whole 
system is that fibrin piactically does not appear. When it is found, 
however, the stiictest legnlanly go\eins its situation The thieads of 
fibrin shoot out fii-^t of all along the boidcis of the fiamewwk of blood- 
platelets just wheie the icd blood touches the fiamewoik Subsequently 
it penetrates more and moic into the blood itself A structuie such as 
has just been described is the only sure token by which we can lecognize 
mieioscopically the intiavitam oiigiii of a thiombus 

With this explanation of this sliucture, w’e are enabled at the same 
time to undei stand the way in which a thiombus is built up The 
ex'planation involves the solution of a complicated phj^sical pioblem, 
wdiich I can piesent heie onl)'^ in a geneial ivay, since, m spite of many 
discussions with my colleagues in the depaitment of physics, I have been 
unable to get to the bottom of it What the vital question is, we can 
state nowadays with ceitaiiity This question is* Does the thiombus aiise 
in the flowing oi in the stationaiy blood-stieam'? So long as the view 
w^as held that wliite thrombi were built up from leukocytes, as Zahn 
pointed out, it had to be assumed that it was only m the flowang blood 
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that these thrombotic masses could be laid doira Zahn himself laid 
great stress on this point But when it became practically certain that 
a thrombus takes origin exclusively fiom blood-platelets, uncertainty 
again arose, since the oiigin and meaning of these platelets was veiled 
in obscurity While some observers affirmed the independence of these 
struct uies, many moie considered them to be merely distintegration 
products of white and especially of led coipuscles If the latter theory 
were true, a thiombus could quite ivell be considered to be formed from 
a small mass of dead and disintegrated red blood-cells, which had died 
because of the stopping of the blood-stieam But it could not explain 
why the heap of particles at once proceed to build themselves up into 
such a beautiful fiamework and divide themselves oS so sharply from the 
led corpuscles 

Taking it foi granted that the origin of blood-platelets is not from 
leukocytes oi eiythrocjtes, but that they aie independent elements exist- 
ing by themselves m the blood-stieams (as indeed the excellent researches 
of Deetjen have alieady suggested), it becomes quite clear to us that such 
accumulations of blood-platelets as occur in a thrombus can be deposited 
only when the blood is circulating The important question of the 
origin of the blood-platelets can, m m}" opinion, now be regarded as 
settled They take origin neither from white nor red corpuscles, but are, 
for so long as they circulate in the blood, independent structures J H 
Wright of Boston was the fiist to point out their origin from the gant 
cells of the bone-marrow and spleen In his important researches he was 
able completely to confirm the statement of Sehridde that the megakary- 
oc) tes have a finel}'^ granular protoplasm except for a zone at the margn, 
which remains clear He then showed that fiom the giant cells small 
portions are nipped or budded off in the foim of small platelets, each 
of which consists of a finely granular central portion suriounded by a 
clear maignal zone These are in fact the blood-platelets, and the 
granulai center, the origin of which is thus zeadily understood, is identi- 
cal with the stiucture often described, especially by Deetjen, as a nuclear 
structuie in the platelet That mdependent movement is possessed by 
these structures had alieady been shown by Deetjen Wright’s findings, 
doubted on many sides, weie remvestigated by Ogata m the Pathological 
Institute in Freiburg, and were aU completely confiimed In fact in 
fresh, warm material taken from different animals for investigation the 
budding off of platelets fiom the megakaiyocytes can be plainly followed 
At the°time of the budding-off piocess the protoplasm of the giant cell 
IS seen to have invaginated itself into a capillai}'^ m the form of a 
pseudopod, and thus the occmrence of the platelets in the blood-stieam 

comes about 
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The mdcpeiideuce o£ the blood-platelets in the ciiculation can be 
p^o^ed in another and very positixc May ]f they aiose simply by the 
dismtegiation of led coipii'jcles, then the destiuction of a stationary 
column of blood, o'; can leadil-^ be piodiiced in a doubly ligated vessel 
by the coiio'^ivc action of a small piece of silvei nitiate^ w'ould be 
followed by a blood-jilatelct thiombus-buildiiig, just as occurs in the flmv- 
ing blood-=ticam mIicic a t-spical thiombus foims on a damaged piece of 
lessel Mall Thi*; question M’as iinestigated by DciCM^enko^ in the Path- 
ological Insiiiutc in Ficiburg Mith striking icsults lie found not a 
tiace of heaping-up of platelets in the doubly ligated %essel in spite of 
all the damage, Mhcieas in a \cssel thiough M'hich the blood still tloM'ed 
a t}pical tlnombu'^ had been built up fiom blood-platelets, shoMing the 
chaiaeteri‘:tic framcMork mc ha\c learned to recognize in the human 
subject 

We ha^c concluded then that the thrombus aiising fiom the blood- 
platelets has it*: oiigiii in the ciiculating blood-'^tieam, and the question 
jet to be answered i= Why do the platelet's build themsches into this 
peculiar framcwoik'-' To this impoitant question I can give no final 
au'SM’er A fcM* intcic'sting point's onlj maj be laiscd By the making 
of serial sections of human thrombi, and subccqucntly building up models, 
Perge^ Moikiiig in the Pathological Institute in Pieiburg, was able to 
detciniine Mith cei taint) that the platelets do not form beams running 
m circles but do foiin a sjstcm of lamellae, moie oi less paiallel and 
arranged on the ^e':‘■el Mall one behind another Most of them lun 
obliquely or tlans^er':el) to the long axis of the ^essel These lamellae 
gioM' outMaid fiom the ^e':':el Mall, and fiom the flow of the blood 
through a pait of them, they become bent in the diiection the blood is 
floMung The appeal ance of this system is strikingly similar to the 
beautilul figure's made on the fine sand of the scashoie by the ebbing 
tide The Maiei pu'shes up the fine 'sand into ridges, until the strength 
of the fioM’’ ovci comes the small ob'stacle, and the M^ater tiaicls on to 
build ncM' ones fuithei on In this M%ay then the beautiful series of 
iipple line's aie draMii on tlic slioie The blood-stieam builds up its 
lamellai system in an exactly similai M'ay fiom the saud-like multitudes 
of blood-platelets Zahn had picviou'sly taken notice of the work of 
de Candolle on the cuiious sand foimations produced by moving water, 
and had put foiM^aid the suggestion that the lines visible on the surface 
of the thrombus are simply the etTect of to and fio movements of waves 
of blood But the essence of the mattei is not that alieady existing 
sandy masses are shaped into systems by the movements of the blood, 
but that solid elements aie taken fiom the flowing blood-stieam and laid 

1 Derewenko Zieglers Beitr , 1910, xlviii, 123 

2 Ferge Med -natiirw Arch , 1000, ii, 351 
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down in the form of specially situated lamellae I can only mention here 
in passing that hy experiments which I carried out in the laboratory of 
Professor Eehbock I was able to find exactly similar deposits formed in 
running water from a given solid material, when the velocity of the flow 
was 1 educed sufSe^ntly hy the introduction of a dam or weir 
tiansformation of already laid down masses of particles was necessary 
to make the ridges, but the particles were laid down in such a way from 
the first The question, of course, arises from these experiments as to 
why a deposit of platelets occurs at all, and this will be discussed later 
on So long as the blood fiows through this framework just as sea water 
flows beneath branches of a tree of coral, new masses of blood-platelets 
are laid down on the system already formed, and so new systems are 
always being built up behind the first one The first formed system nat- 
urally grew faster, and finally there comes a time when the openings in 
the lamellae of the old part of the thrombus (this is indeed the Kopfteil 
which has already frequently been referied to) are so narrowed that the 
blood-stream becomes slower and slower, and finally stops altogether 
With this event the building of a primary thrombus is finished, since 
once the blood-stream is at a standstill no new blood-platelets can be 
carried past, and hence further growth is impossible 

But before the complete cessation of the blood-stream occurs, a cer- 
tain peculiar separation of the red and white eoipuscles comes to pass, 
resulting m the whole system of platelets becoming covered with a layer 
of leukocytes The facts of this peculiai separation are best explained 
by the well-known researches of Bberth and Schimmelbusch, who found 
that when the blood-stream was slowed the white corpuscles being of 
lighter specific gravity than the others, tended to travel at the margin of 
the blood-stream, and so are found closely in contact with the vessel 
wall By the growing system of platelets which occurs m the formation 
of a thrombus the mam blood-stream is divided up mto a senes of small 
streamlets Each small streamlet is, however, subject to the same laws 
as a larger vessel, and when the slowmg of the blood-stream occurs, the 
leukocytes are found close to the sides of each small streamlet, whose 
wall IS m this case composed of the framework of blood-platelets 

Before I can turn to the question of why the blood platelets are 
deposited from the circulating blood, I must briefly describe the result-' 
which follow m the peripheral part of the vessel, when the stream is 
completely inteirupted through the gradually increasmg obstruction of 
a system of platelets As soon as the lumen is closed in the region of 
the white, that is the primary thrombus, the whole blood-column becomes 
stationary right up to the place where the next anastomosing vessels 
enter and undergoes very rapidly, as experiment shows, a complete coag- 
ulation In this Scliwanzteil of a thrombus, which is usually of some 
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length and like the le'?! in coloi, we can expect^ it goes without saying, 
no definite framework of platelets, and in fact it is either completely 
absent oi occurs onh partiall} This led thrombus resembles in its 
microscopic structure e'-sentially a post-mortem clot, and consists of an 
irregularly arranged mass of red and white coipu'^’les, blood-platelets 
and fibrin It must be admitted that beie the leukocytes and blood- 
platelets have a tendency to form themsehes into masses, but theie is 
no attempt at the foimation of lamellae The fibrin frequently shows 
striped thickenings running in definite directions These may be the 
results of currents in tlie plasma, for although the column of blood 
has been checked it is still connected in manometer-like fashion with the 
rest of the ^ascula^ system They ma) also merely be the expression of 
the moiements of the fluids induced by the coagulation 

Thus an essential dilTerencc exists between the Kopfteil and Schwanz- 
icil of the thrombus, uhich it must be said are connected together by a 
more or less transitional 7one This difCerence we know must depend on 
the fact that the Kopficil is formed in flowing blood, the Schwanzteil m 
blood at a standstill This brings up the question then of why a tvhiie 
ihrotiihus is hnUi up from plafchis in ihc flowing stream and a red 
ihiomhiti when ihc blood-flow has ceased 

MrcirvNics or iiirombus ronM.iTioN 

After the corpuscular nature of uhite thrombi was recognized by 
Zahn, ion Itecklinghau'^eii directed attention to the impoitant bearing the 
slowing of, or rathei the formation of eddies in the blood-stieam, had on 
this question His t\ork has given considerable support to the well- 
known teaching of Virchow regarding the mechanical genesis of thrombi 
AVlieii we compare the hlood-sticam with a rivei which has countless 
small particles of difierent ‘ipecific grant} swimming about in its wateis, 
we are driven to the conclusion that there must be some optitpum velocity 
which Will bring about a local aggiegaiion of pai tides, such as we have 
seen by the microscope to occur in the building of thrombi Neither by 
a rapidly flowing stream nor by complete stoppage of the current can 
such a heaping up be bi ought about Thus the blood must flow slowly, 
or? to put it in a bettei way, must flow diffeiently fiom the way it did 
before It is noteuoithy that deposits of sand in a river occur by pref- 
erence where a widening or a deepening of the iiver bed exists It is 
not a uniform slovnng, but the inequality of the local conditions which 
predisposes to this extraordinary deposit The insertion of a dam or 
barrier, by introducing counter cun cuts and eddies, is also an important 
piedisposing cause I have made an effort to explain this building of 
sand banks on purely physical lines, and in this I have had the assist- 
ance of Pjof Di Tlehbock in whose laboratory the experiments were 
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earned out If a weir is introduced in a stream of fluid, then by the 
interference with the cuirent so induced an unusually long ''Walze" 
(or helix), as it is called technically, is produced in which a portion of 
the fluid flows backwaid And not only that, but fine particles suspended 
m the water (we used sawdust for the purpose) all deposited in ripple 
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T'lnall}’^ the question of <=and-bank hnildmg by the flowing together of 
two unequal streams must be considered from the physical standpoint 
Wlien ue study what occuis in a pipe wdien this state of affairs is brought 
about, it will be found that a slowing of the stream in the so-called zone 
of tiansition occurs If the stieam from the smaller vessel flows veiy 
slowdy a sand-bank is foimed at its mouth This agrees veiy well with 
what 15 found in human pathology 

All these experiments arc, on account of the number of factors outside 
our control mercl'^ ‘^iiggestire ^Ye can take no account of the part 
plajed by the Ining blood and the Ining vessel wall We can only prove 
the gross results and ask wdiat alteiations of the blood-stieam, in the 
form of sudden slowing, backwaid flowing and eddy making, are found 
in the places wheic m the human subject autochthonous thiombi have a 
tendenc} to glow 

LOCIL COXniTIONS 1' WOHING TIIUOMBOSIS 

The special tendency to slowing of the blood-sticam is quite properly 
insisted on b} crery one who has wiitten on the subject It is quite 
clear that some ren <?pecial and iimimal condition must be present in 
the arteiial sjstem to slow the blood long enough to allow a deposit of 
blood-platelets to occiii As Viichow pointed out long ago, and as is 
now' gcnerall} recognized, theie aie ceitam situations in the venous 
systems wdiicli aie espcciall} predisposed to thiombus formation Among 
these the Acins of the leg, the pioximal pait of the femoial vem wheie 
the large lalves are picsent, the pelvic plexus, the venous network of 
the dura matei and the aiiiiclcs may be taken as examples There are 
besides foui conditions each of which, alone or in combmation, has to do 
w'lth the localization of thiombosis Piist, there is continued over- 
pressure on the wall of a lein, such as occuis in the veins of the leg 
from the pressuic of the column of blood wdien the body is upright, oi 
such as IS bi ought about in the lenous plexus of the pelvis by downward 
piessure of the intestines This oveipiessure tends to physiological 
widening, and, finallj', may teiminate in a physiological thrombosis T 
refer to thrombus formation in vaiicose veins in the lowei limbs and to 
the thrombosis in the piostatic plexus in old age wdiich is so usual as to 
be practically physiological Thrombus building in the vaginal plexus, 
which may be the oiigm of a spicading thrombosis or be a nidus of 
secondary infection, has not had sufficient attention paid to it 

A second condition is the widening which obtains in the auricles, 
and also occurs in the veins at each valvular sinus Ferge^s recent 
experiments have confirmed the work of Kolliker and Epstein, who dis- 
covered that the musculature of the vein wall can be practically absent 
in the region of the valvular sinuses, so that backward pressure must 
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be followed by an ampulla-like widening above the valve Further^ the 
possibility of a backward pulsation in the veins, the so-called venous 
pulse, which often is most marked at the proxunal end of the femoral 
vein, must not be lost sight of Lastly, when the body is lying prone, 
certain local conditions alfect directly certain veins with a known 
tendency to thrombosis Tor example, the femoral vem yust where the 
large valves are present, lies close under Poupart’s ligament, and the 
importance of the bend so brought about must not be underestimated 
The iliac vein shortly after the junction of the hypogastric vein, also 
comes into the same category, and its tendency to thrombosis is also to 
be referred to the bend in the path in which the blood flows 

Naturally, these local factors play an even gi eater part when any 
defect m the heart’s action leads to a general slowing in the venous 
system In such a case the posture of the patient exerts a further and 
additional influence In certain conditions the posture has directly to 
do with the left or right sided position of the thrombus, the limb which 
lies lower having a greater tendency to become thrombosed When lymg 
on the back the mcreased compression of the left iliac vein by the arterial 
trunks (right iliac, middle sacral and left hypogastric arteries) has a 
direct influence m slowing the stream, and explains the well-known 
frequency of thrombosis in the left lower limb Another point, too, is 
of interest When a double sided thrombosis of the veins of the lowei 
lunbs occurs, the following characteristic conditions can often he found 
The thiombosis on the right side extends up to Poupart’s ligament, 
whereas on the left side it extends up to the point of compression of the 
left iliac vein by the right iliac artery 

The deposition of blood-platelets in all the above mentioned examples 
of thiombosis is easily understood It is not the stagnation but the 
retardation which brings about the thrombosis, and must be reckoned as 
the direct cause of the deposition Eberth and Schimmelbusch have 
given to this type the name of conglutination thrombosis They took 
this descriptive name from a phenomenon which occurs in the heaped-up 
mass of platelets, namely, the cementing of the platelets together This 
phenomenon can also quite truly be called agglutination, so the teim 
agglutination thrombosis is also a suitable one 

Between accumulation of platelets on the one hand and conglutination 
or agglutination on the other there exist very special relationships 

W’e do not know as yet anything of the phenomena which precede 
agglutination and which aie the very earliest factors in thrombosis We 
cannot say whether they are of a type long known to workers in bac- 
teriology or serology, or whether they are chemicophysical We suppose 
at least that a special degree of viscosity must be present to allow the 
masses of platelets to form so easily, whereas precipitation phenomena 
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in the sense of agglntinalion can also play a lole It is also qnite con- 
ceivable that a nia-^s of platelets, once it is foimed, can exert an influence 
on othei platelets flowing past it The agglutinahility of the platelets 
depends, of coiiise, on the cheniicophysical chaiacters of the flnid in 
which they aie, in this case, the blood-plasma. 

Thus we see that alteiation in the blood-stream is only one condition 
in the making of a thrombosis, the second condition being dependent 
on the agglutinahility of tlie platelets themselves Unfortunately, we 
ha\e no knowledge of spontaneous changes occurimg in this property of 
agglutinahility. This question, chiefly from the experimental side, is 
considered by Acliard and Ajmaud 

It IS evident that the numbei of the platelets is an important matter 
to be consideied in relation to thiombosis. Judging from the literature 
it seems clrar that the numbei of platelets — their exact enumeration is 
no light matter — undergoes: gicat \aiiations in cachectic states We 
know too, that after experimental anemia the number of blood-platelets 
increases rapidly, coincident, a*: has been shown by Ogata, with inciease 
m the number of giant cells in the mariow It is, therefore, quite 
feasible to suppose that subsequent to loss of blood at operations or dur- 
mg parturition, an increased tendency to thrombosis can be brought 
about, although it cannot at all be said that an increase in the number 
of platelets can h} itself alone bring on thrombosis 

VASCDLvn cnANcrs as influencing thrombosis 

We have up to this point considered two of the conditions which have 
to do ivith the building of thiombi, namely, changes in the blood-stream, 
and qualitative and quantitatiie alterations in the platelets We will 
now take up a third condition, which used to play the chief role in the 
teaching about thrombosis, but whose signification was soon greatly 
limited by Virchow I lefei to alteiation of the vessel wall itself That 
this IS not the decisiie, not to say the only cause of thrombosis of the 
ordinary type, is made very cleai when we can think of an atherosclerotic 
aorta, which m spite of the most maikod changes can remain quite free 
from thiombi Heie, of couise, there is no slowing of the blood-stream 
On the other hand, the question aiises whether the slowing of the stream 
can alone, without any accompanying change in the vessel wall, give rise 
to a thrombosis by deposition Do the deposited platelets remain bound 
together only when the endothelium is damaged ^ Is this damage of the 
endothelium a thud condition which must be fulfilled before thrombosis 
by deposition can arise, and how must the endothelium be damaged^ 
Covering this point of endothelial damage, the importance of winch is 
always accepted without question, and which is always given great 
prominence in the liteiature, we know in reality practically nothing We 
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can affiim only one thing, namely, that chronic changes of shght degree 
in the intmial lining of a vein, as for example fatty changes of the 
endothelium, can by themselves play no important role, since one must 
so often assume this change to be present ■without thrombosis resulting 
Besides, it is very difficult to understand ho-w a fatty change of the 
endothelium merely can lead to a deposition of blood-platelets I can 
find in the literature no "well authenticated cases, in 'which thrombosis 
has really been brought about by changes m the endothelium, a factor 
which IS regarded by many authors as of special importance It is 
naturally quite another story when rigidity of the wall and valves of the 
vein, brought about by severe and progressive phlebosclerosis, has inter- 
fered with the blood-flow Changes m the wall of the vein are then not 
the direct, but only an indirect source of thrombus formation An 
analogous state is brought about in the numerous experiments carried 
out to induce thrombosis by means of corrosives, cutting and the intro- 
duction of threads or other foreign elements These experiments were 
carried out at an early date by Zahn, Eberth and Schimmelhuseh, Welch, 
and more recently especially by Zurhellen in the institute in Ereiburg 
Here the rough and mechanical disturbances of the blood-stream result- 
ing from the laceration of the vessel wall, do not play the entire role, 
but the plasmatic exchanges between the fluids of the blood and the 
linmg of the vessel must also be important When instead of tlow 
retrogressive changes, the mtima is suddenly stripped of its endothelial 
Iming, then a reaction inevitably ensues, as occurs in all living tissues, 
accompanied by a pathological flow of lymph Then it is, indeed, the 
alterations in the blood-stream in the region of the injured area which 
bring about a thrombosis by deposition It is not made clear by the 
previous experiments how and whether a direct influence on the blood- 
platelets as they flow by can possibly be exerted by agencies of an 
agglutmative or eoagulative nature produced by the tissues ( L Loeb, 
Aehard, Aynaud) Hor is it explained whether the connective tissues 
or the muscle laid bare by the damage at a surface capable of absorption 
(Morawitz) can bring about the adhesion of the platelets At any rate, 
all these artificially produced thrombi present the characteristic structure 
of thrombi by deposition of the blood-platelets We must allow that up 
to the present we have not been well enough informed concerning the 
first and absolute beginnings of thrombus formation in the case of autoch- 
thonous thiombi in the human subject Unfortunately in this connec- 
tion we can hardly ever obtain fresh enough material, since, of course, 
we must elimmate all post-mortem coagulation, which naturally can 
occur in the thrombus itself 

We must endeavor to get a clear idea of why the adhesion of the 
platelets to the vessel wall occurs in autochthonous thrombosis, since we 
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assume that this deposition of platelets is the first procedure It may 
be quite possible that the endothelium dies as a consequence of being 
covered ovei by the platelets Fibrin is in this way set free and cements 
the masses of platelets to the wall Oi the platelets after lying on the 
wall for some time inaj themsehes die, and then coagulation on and 
between tlie endothelial celF can ensue At any rate, it is necessary that 
an interaction of a certain duration occur between the platelets and the 
endothelium in order that the material may remain stationary and, so 
to sa} be lived there If slowing of the blood-stream and alteration in 
the conditions of tlio platelet': arc to figuie as the diicct facts m throm- 
bus formation then mc must consider o': indiiect faetors ehanges in the 
vail alterations in the cardiac action and loss of blood during operations 
In considering the iital question, a^ to uliy a white thrombus occurs 
m the circulating blood, and a red thiombiis only when the stream is 
stationoiy, I hare aliendy attempted to answer the fiist part and shall 
now proceed to the "ccoiid I hare ahead} mentioned that a red throm- 
bus ari'es onl} uhen the lumen of the vessel is sufliciently closed by a 
iihiie thrombus to bring the blood-'^tieam to a standstill in the peiipheral 
poitioii of the vein This "tationarv column of blood coagulates But 
under the niieio=copc thi': red thrombii':. dense in the neighborhood of 
the Kopfictl, while poiiphcrall} becoming moio and moie spongy, and, 
linallv, almost fluid in consibtcnce, can scaiccly be ditTerentiated from 
postnioilem clotting The micio'scopc shows, howevci, that the denser 
poition IS 1 idler in flbiin and leuhoc}te':, and suggestions of lamellae can 
heic and there be iccognizcd A': we travel moie to the peiiphery the 
structuie of the thrombotic inns'; inoic and moie approaehes that of the 
noimal blood iMicioccopieall}, it i" aho true that the boundary between 
the white and the led poitions is as haul to lecogni/c as that between 
the slowing and final complete stoppage of the blood-stieam From these 
points we can aFo explain wdiy this column of stagnating blood does go 
on to coagulation, in contiadiction to the well-known findings of Baum- 
gaiten, who obseived tliat the column of blood contained in a doubly 
ligated poition of a vessel did not coagulate We must take into con- 
sideration that, as has been already mentioned, coagulation phenomena 
can also be observed to have taken place in the blood found occupying 
the gaps in the white portion of a thrombus These phenomena very 
probably must be refeiied back, judging fiom the characteristic situation 
of the fibrin netvvoik, to an interaction between the fibrin ferment set 
free by the death of the platelets and the stationary blood-plasma round 
about them 

Of couise, the amount of fibrin ferment set free in the white Kopf- 
iail will be very considerable It can adv^ance by diffusion into the caudal 
Ted portion of the stagnating blood-column, which is richer in leukocytes 
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and platelets and develop its action We know, as Banmgarten has 
stated, that the cause of the blood remaining fluid in a doubly ligated 
segment is that the blood dies relatively slowly Conversely, we can 
presuppose a very rapid death to occur in a structure rich in ferment, 
as the blood-platelets are, and so the clotting of a column of blood in 
stagnation becomes intelligible, I will not consider here the processes 
which piecede clotting, and above all I cannot discuss the question of 
where the forces which bring about clotting have their origin ITor can 
I stop to inquire whether the source of thrombokinase is to be sought for 
only in the thrombocjdes and leukocytes, or in the erythrocytes as well 
I would prefer to refer you to the well known and very clearly expressed 
papers of Morawitz ® 

I pass over here the flner morphology of the processes preceding 
clotting, and would only mention that the ^^centers of coagulation,^^ 
so-called, are to be regarded in my opinion as acting both chemically and 
physically In the oiigm of the red thrombus we are also dealing not 
with the separation of the formed elements of the blood, which practically 
does not occur, but more especially with crystallization of fibrm as in 
ordmary clotting Thus we have a coagulation of the blood as a whole, 
and not merely the deposition of some parts of it This view has already 
been suggested by previous authors, who have put forward the name 
coagulation thrombosis, in contra-distinction to conglutination and 
agglutination thrombosis 

Just as m deposition thrombosis the slowing of the blood-stream and 
the relations of the platelets as to number and viscosity are the essentials, 
so in clotting "en masse” the stoppage of the stream and the increase of 
fibrin ferment are the important factors It cannot be denied that an 
intimate relationship exists between the heaping up of platelets, the 
agglutination and the clotting, i e , the coagulation He must conclude 
that agglutination is, so to speak, only a means of creating in the circu- 
lating blood conditions which are necessary to allow of the crystallizing 
out of fibrin, a process which cannot occur in the circulating blood under 
ordinary conditions 

But it IS quite evident that these two phenomena (agglutination and 
crystallizmg out of fibrin) do not mean the same thing and must be 
kept genetically apart, since each can occur without the other In the 
case of ordinary autochthonous thrombosis, with which we have been 
dealing up till now, the deposition and coagulation processes are closely 
related The process of deposition brings about the coagulation, and is, 
so to speak, the indirect source of it Then the further question arises 
as to whethei coagulation thrombosis can occur apart from the process 
of deposition, and what may be the indirect causes influencing them both 

3 Morawitz Blutgeimnung, Handb d Biochemie d Mensehen u d Tiere, 1908 
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It IS impoitant in tins connection to remeinber that while thromhosis hj 
deposition can he hi ought about readily at any time, a piimary coagula- 
tion thrombosis is veiy difficult to induce The stoppage of the blood 
stream alone does not suffice, as Baumgaiten^s experiments have sho^vn, 
for the feiment does not develop quickly enough Also optimal relations 
must be established between the rate of stream and amount of ferment 
present to initiate the process of clotting Even the flowing blood, how- 
ever, can be made to clot, if a large quantity of ferment is introduced 
all at once, either by the in]ection of pure fibrin ferment or by artificial 
transfusion Of couise, control by the microscope is essential in such 
experiments to asceitain whether the solidification of the blood depends 
really on clotting of fibrin, and is not merely a precipitation such as 
occurs when a substance which coagulates albumin is introduced 

To the question of these piecipitation thiomboses, and other related 
processes, I will return latei 

Two other piocesses must be mentioned here which undoubtedly have 
relationships inth coagulation thrombosis I refer to ligature and 
infection Since as wo shall see, both of these can also induce throm- 
bosis by deposition, we can now inquire how ligature and infection, 
respectn el}', act, and what is their significance from the point of view of 
thrombosis 

The facts in the case of ligature aie comparatively simple If done 
carefully so that considerable damage to the intima is avoided, and the 
portion included by the ligatuie is so small as not to inteifere with the 
movement of the blood, no clotting need necessarily occur, a fact which 
we have noticed elsewhere in connection uitli transplantation of blood- 
vessels At other times we find thiombus foimation, often quite scantily, 
however, in the region of the intimal damage, where the fibrin ferment 
arising from the injured wall can act on the stationary blood in its 
neighborhood Or at the margin of the ligatuied part of the vessel a 
true deposition thrombosis may aiise as a lesult of local eddy formation 
In this way the area may finally be separated ofi completely from the 
blood-stieam, and the column of blood thus shut off passes into a 
condition of coagulation thrombosis like the Schwanzteil of an autoch- 
thonous thrombus 

RELATION OF INFECTION TO TIIROXir>OSIS 

Much more difficult to explain is the question of infection to throm- 
bosis, nowadays considered so important It is especially from the 
findmgs of clmieians that the idea has been put forward that not only 
most, but as some will have it, all forms of thiombus formation are to be 
refeired back to infection It is unfortunate for the advancement of 
pathological anatomy that when as a sequel of thrombosis cases come to 
autopsy, an infection often does not exist or at any rate can no longer be 
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recognized Concerning infective thrombosis, I would say only that 
from my own researches I am of opinion that what occurs generally 
is a secondary infection of an already existing simple thrombus, for 
example, in the site of an operation or in the area of uterme wall laid 
bare by the removal of the placenta Of course, it is not impossible that 
a primal y indammatory process in the sunounding tissues can implicate 
and extend through the wall of a vein and a thrombosis occur from the 
changes in the blood-stream arising in that way Of more importance, 
however, than these locally infective thrombi are those of septic character 
which arise at a distance from the site of an operation, for example, 
septic tlirombosis of the femoral vein following operative interference 
with the pelvic connective tissue Here our observations have shown that 
a typical thrombosis by deposition always occurs, the organisms them- 
selves being found enclosed here and there in the framework of the 
thrombus One must necessarily conclude from this histological picture 
that the organisms circulating in the blood are onl}^, so to speak, second- 
arily enclosed in the thrombus while it is being built The thrombus i^ 
otherwise identical in structure with a simple one We must, therefore, 
assume that here the thrombosis has a similar origin as in the non- 
mfective type, namely, a slowing of the blood-stream, and that the 
organisms themselves are not the causative agents The latter are 
merely accidentally enclosed, but are dangerous, since by their multipli- 
cation they convert a simple thrombus into a septic one, and may bring 
on all the consequences of septic emboli The following abridged account 
may be given of the complicated picture which is produced by the infec- 
tion occurring in the thrombus in a vein 

1 A local infective thrombosis in the region of an operation or in the neigh 
horhood of the placenta can arise (a) Through infection of thrombi already 
present, to which an inflammation of the wall has arisen secondarily (thrombo 
phlebitis) (b) By an infection progressing along the vessel wall, which induces 
first of all a primary phlebitis and is followed by a secondary thrombosis by 
deposition (phlebitic thrombosis) (c) By means of slowing of the bloodstream 
and thrombus formation in the commencements of the veins followed by thrombosis 
by deposition in the larger veins, induced by to\ic or inflammatory causes, which 
subsequently become infected 

2 An infective embolic thrombosis arising at a distance is in most cases the 
sequel of an ordinary primary thrombosis, which acquires its infective character 
secondarily by multiplication of micro organisms in the blood shut in the interior 
of the thrombus Experimentally it would appear probable that only exception- 
ally the organisms separate themselves from the blood, directly infect the wall 
and so bring about a secondary thrombosis 

3 All septic thrombi can extend on account of the inflammatory changes in 
the wall These are not confined to the area in contact with the clot, owing to the 
toxins being diffusible 

Since in the ease of distant thrombosis the infection usually arises in 
already existing thrombi, and cannot he regarded as the source of the 
thiombosis, but rather as an accompanymg or induced phenomenon we 
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must inquire wliy^ especially after operative proceduies or in alreadv 
established infection, thrombosis at a distance is of frequent occuirence 
It IS ■well Imo'wn that m acutely progressing septic cases thrombosis at a 
distance is much larei than in subacute or chronic cases That in itself 
speaks against a direct action of infection 

Thrombosis of the femoial lein, among the thromboses at a distance, 
interests us most, since it is the special origin of fatal lung emholi Here 
extremely vaiying factors work togethei — loss of hlood at operation, 
weakening of the heart, geneial prostration, confinement to bed, the 
influencing which every pelvic opeiation has on the return of the venous 
blood fiom the lowei limbs to the heart, because the venous plexus of 
the pelvis acts as a manometer to this great area of hlood 

Email}’-, the possible changes in blood platelets themselves induced 
by the infection must also be consideied In reality we have no positive 
knowledge on the question whethei the bacteiial toxins can increase the 
Mscosity of the hlood-platelets 

I have taken up so much time with the static or autochthonous throm- 
bosis, because it seems to be the most impoitant variety, and is, as a 
lule, easily lecognized both by the clinician and the pathologist With 
its desciiption, howevei, the question of thiombosis is in no way 
exhausted I have already made special mention of the work of my 
American colleagues, Elexner and Loeb, who, liy usmg toxins, studied 
the processes m the living body which accompany tlie toxic thrombosis 
described pieviously by Haun}’n, Landois, Ponfick, Silbermann, Kauf- 
mann, Palkenberg and others, as resulting from blood tiansfusion and 
specific blood-poisons, and by Takowski, Lubaisch, Bardeleben, etc , as a 
consequence of injection of bacteiia and bacterial toxins Kecently in 
Germany, Dietrich and my oivn pupil, Kusama, have earned out such 
experiments, and I would like to make a few icmaiks about Husam.i’s 
work which has only lately been completed 

CAPILLARY TIIROa^IBOSIS 

Since the independent elements of the blood aie influenced in the 
highest degree in all these thiomboses of toxic oi infective origin, while 
the conditions in the blood-stream itself remain essentially the same, I 
have called this form of thiomhosis ^Thrombosis by alteration of the 
blood,” in contradistinction to ^Ttatic thrombosis ” Purther, as you will 
hear immediately, the initial thrombus building occurs in the capillary 
system, and so one can also call this form capillary thrombosis, in contra- 
distinction to that occuriing in the larger vessels 

In continuation of the work of Flexner and Loeb, who, by injecting 
heterologous serums, have explained the siguificance of the agglutination 
of erythrocytes, the deposition of platelets and the formation of fibrin 
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in thrombosis, and in connection also with the work of Dietrich, who, 
above all, has tried to elucidate the mode of action of the end-products 
of hemolysis, namely, the blood-cells on one side, and the agglutinins 
and preeipitms on the other, my pupils and T have tried to recognize the 
factors which are essential for the production of thrombi in the 
circulating hlood 

So far, our experiments agree more with those of Mexner and Loeb 
than with those of Dietrich, who studied chiefly the effects on the 
stationary blood-column We began by investigating the effects of 
homologous serums on rahbits I shall take no notice here of the elinical 
symptoms induced nor of the altered coagulability of the blood, but would 
chiefly confine myself to the morphological findings Eabbits showing no 
signs of illness, were killed twenty minutes after the injection of a 
homologous serum Exammations of the organs just after death showed 
in the places predisposed to eapillaiy thrombosis — for example, the 
capillaries and post-capillary venules of the lungs — very abundant 
thrombus formation The thrombi consisted in parts exclusively of 
blood-platelets, packed together hut well preserved, in other parts of a 
mixture of platelets and red-cell stromata "When the fixation was good 
fibrin was absolutely absent or only to be found in traces inside the 
thrombi On what, then, do these thrombi, formed from platelets and 
red-cell stromata, depend^ They might be a direct effect of the serum 
injected, which both agglutinated the platelets, and after hemolyzmg the 
erythrocytes, agglutinated their stromata To answer the question. 
Kusama hemolyzed red corpuscles by washing them thoroughly with 
distilled water and then mjected the solution of hemoglobin When the 
animals were killed, ten to twenty minutes after such an injection, 
thrombi composed of blood-platelets could be found in the vessels of 
the lungs On the other hand no thrombi composed of stromata were 
met with A strongly agglutinative effect on the blood-platelets is thu= 
exercised by hemoglobm circulating free in the plasma It is noteworthy 
that in these experiments the platelets also lemain very well preserved 
By simple washing of the stromata with distilled water a distinct effect 
on them is pioduced If a suspension of these were injected into rabbits 
and the animals killed after a definite time, thrombi composed of 
stromata were not only found to have arisen by the agglutination of 
these ceU remnants, but also undoubted thrombi from blood-platelets 
were found The increased agglutinability of the platelets must have 
been bi ought about by living substances produced by the solution of 
stromata in the blood plasma If a suspension of stromata, which had 
been heated at 56 to 58 C foi forty minutes were injected, no such 
blood-platelet thiombosis ensues So it seems that the living substances 
set free by the dissolving of the stromata in the plasma, are of great 
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importance in effecting an increased agglutinability of the platelets 
Experiments in animals which were allowed to live a longer period show 
that the stioraata do dissolve in the circulating blood In such experi- 
ments thrombi composed of stromata were found to have completely 
disappeared, so they must eithei have dissolved, or as is much less likely, 
have been washed away by the blood-stream Thrombi composed of 
blood-platelets are also not seen in these animals, and from the fact that 
the individual plaques ueie still well preserved, it seems reasonable to 
suppose that they again enter the circulation 

Now let us consider how a foreign or heterologous seium acts In 
Loeb’s work, dog’s serum was taken as the representative of strongly 
hemoljdic and coagulatmg serums, while ox serum repiesented the group 
of strongly agglutinative serums Aftei the injection of dog’s serum the 
rabbits died within a few minutes, showing chaiacteristic symptoms 
(excitements, coma, convulsions, projecting eyeballs, abdominal disten- 
tion, etc ) At the autops}', fiesh clotting was found in the lung arteries 
in the right side of the heart, in the vena cava and in the lung \eins, 
and death appeared certainly the lesult of these pathological findings 
When, however, the expeiiment was earned out, after caiefully opening 
the peiicardium, it was seen that the clinical symptoms and the stoppage 
of breathing occurred while the heait continued to beat and the blood 
remained quite fluid Slicroscopically, just as m the case of injection of 
a homologous serum, thrombi composed of stromata and platelets aie to 
be seen in the lung capillaries, in the post-eapillary \enules, and also in 
the precapillar)’’ arterioles But these thiombi differ fiom those discussed 
before in that the platelets show definite disintegiation Thus, not only 
agglutination, but destructive piocesses have been produced This latter 
occurrence can only be caused by the heteiologous serum itself, and the 
marked increase in the coagulability of tlie blood must also be referred 
to the disintegration of the platelets One might be inclined to think 
that death might be produced by the blood-platelet thrombi, wheieas the 
coagulation of the blood alone could not be the cause But in tins con- 
nection it IS easy to show that where an animal has been given a non- 
lethal dose of dog’s serum and been killed many hours later, capillarv 
thromboses are just as marked as when the animal is killed at a much 
earlier stage So, then, the fatal result can be referred neither to the 
blood coagulation nor to the capillary thrombosis It must depend on 
some other changes in the blood, or increased viscosity of the plasma, or 
direct toxic action on the central nervous system 

The fact proved by Loeb’s experiments with leech extiact (hirudin) 
that the clotting is not responsible lor death, was also confirmed by 
Kusama Many rabbits, after injection of hirudin, died, although the 
blood postmortem was found quite fluid The blood platelets seem to be 
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siiic6j according to all accounts^ hirudin has a hindering 
action on the hemolytic and agglutinative properties of a heterologous 
serum Experiments with ox serum give quite similar results Kusama 
was unable to confirm the difference on which Loeb laid emphasis^, 
namely, that by injection of ox serum marked clotting is absent But 
he fully confirmed another pomt on which Loeb laid stress, the fact that 
agglutination plays a special rdle in all these experiments In contrast 
to what occurs with dog’s serum, many thrombi formed from stromata 
are found, but few composed of blood platelets Also the platelets are 
not altered in the same way as after injection of dog’s serum It should 
be explained in addition that in some of the experiments with ox serum 
the coagulability of the blood did not show nearly so marked an mcrease 
as after injection of dog’s serum 

Since as a matter of fact blood-platelet thrombosis, which in most 
researches has been given only a subsidiary place, is a result of hemolysis, 
we should be able to reproduce a similar thrombosis by injecting other 
hemolytic agents 

With this end m view, researches with ethei were undertaken It 
was previously believed that injection of ether was followed by a direct 
clotting of the blood, but as the result of experiments carried out by 
myself I have been opposed to this view for a long time Then Loeb 
showed that injection of ether brought about an agglutination and 
destruction of erythrocytes, and considered the agglutination the cause 
of the death of the red cells Our own experiments confirm this in so far 
that ether is hemolytic just like dog’s serum, and brings about thrombosis 
by deposition of stromata and platelets But no peculiar or special red- 
cell thrombosis is called out by its injection Ether is in addition 
directly destructive to the blood-platelets, and so the increased coagula- 
bility of the blood is explained Glycerin and distilled water act in a 
manner similar to ether 

On the contrary, other blood-poisons, ricin for example, act in a 
surpiising and entirely different way Kusama’s experiments showed 
that piactically no hemolysis of erythrocytes oecuired Hence no notice- 
able thrombosis from blood-platelets or stromata ensued 

I^Tiat does occur is really this Eicm acts destructively on the myeloid 
and lymphoid cells of the spleen, bone-mairow and liver, and on the 
endothelial lining of the vessels The fragments of cells so produced 
pack together in the capillaries of the spleen, bone-marrow and liver, 
and mduee thrombosis A definite increase in the coagulability of the 
blood does not occur as a rule The coagulation of fibrin is secondary, 
just as in the case of thrombosis from stromata and blood-platelets 

Einally, experiments with bacterial cultures seem to be especially 
important By injecting dead cultures of the Bac'illus typhosus a definite 
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fibrin tbiombosis was piodnced, especially in the lung capillaries, but al'^o 
in the capillaries of many otbei organs In these thrombi leukocytes 
were enclosed, either broken down or well preserved Destruction of 
myeloid and Ijnnphatic cells was seen m the hemopoietic system, but not 
nearly to such a degree as after ncin It was very strikingly bi ought 
out that the'^e small thiombi from cell fragments (Tiummerthrombi') 
veie accompanied by such a considerable deposit of fibrin It seemed as 
if to explain it the bacteria must also be considered as foieign bodies 
It IS very difficult to extract the endotoxin of the Bacillus typhosus, so 
the experiment could only be repeated with typhoid bacilli heated for a 
much longei time The lesults were similar, but not nearly so marked 
as when bacilli only killed by heat were in3ccted Also a previous 
immunizmg of the animal against Bacillus typhosus had no obvious effect 
in decreasing the amount of thrombus building and of fibrin deposition 
Dead cultuies of the bacillus of dysentery and of staphjdococci behave 
in exactly analogous fashion In the case of cultures of the latter 
organism the destructive action on the cells of hemopoietic organs is 
very slight, whereas the formation of thrombi from leukocytes and fibrin 
in the capillaiies of the lung*; and other oigans is very marked The 
leukocytes alwa3fs contained \ery numerous cocci 

In conclusion, I would say that the effect of bacterial. in3ection is 
merely the production of leukocytic thrombi, and deposition of fibrin 
follows closely on this process The definite occurrence of leukocytic 
thrombi, although they are only temporar)^, explains the marked leuko- 
penia winch can be recognized one to four hours after the in3ection in 
the peripheral blood, in most of the experiments 

To decide what part of the process could be referred to the mere 
presence of foreign elements in the blood, other animals were in3ected 
with a solution of India ink The result was a definite thrombosis from 
blood-platelets in the lung capillaries Many leukocytes were enclosed in 
the thrombus, but no deposit of fihiin occurred This result is different 
from that produced by bacteria, in that deposition of fibrin was absent, a 
blood-platelet thrombosis being the chief result hTo marked destruction 
of leulcocytes wa'J seen Phagocytosis of particles of India ink, although 
it was present, was not so marked as in the case of cocci The packing 
of the leukocytes inside the lung capillaries produced a leukopenia 3ust 
as after in3ection of dead bacterial cultures 

Collargol was also in3ected and produced a thrombosis chiefly from 
blood-platelets, agglutination of leukocytes being practically absent 
Olive oil gave a similar picture In3ection of ground rice w^as followed 
by the same result induced by bacteria, in that, whereas blood-platelet 
thrombosis did not occur, thrombi from leukocytes and fibrin were to be 
found in tbe lung capillaries 
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Thus al] foreign elements do not act in the same way Substances 
like India ink, collargol and olive oil must have some attraction for 
platelets, wheieas the ground nee and dead bacteria have none The 
first three produce thiombosis from blood-platelets, the latter groups only 
leukocytic thiombosis and the greater the destruction of leukocytes and 
platelets the sooner is fibrin deposited ' 

CONCLUSIONS 

What result, then, can we glean from all these experiments ^ We have 
seen that difFeient poisons, whether hemolytic in action or not, bring 
about distinctive forms of capillaiy thrombosis, among which we can 
differentiate the following types 

I Blood-Platelet Thromhosts — This arises by intravenous injection 
of a homologous serum, of solutions of hemoglobin and stromata from 
homologous blood, of heterologous serums, ether, glycerin, distilled water, 
India ink, collargol and olive oil The thrombi arise in the capillaries 
of lungs, liver and spleen 

II Thromhosib from Blood-Stromata — This occurs in pure form 
only, when very marked hemolysis occurs in the blood-stream as a result 
of the action of hemolytic agents Otherwise it oecuis only in con- 
junction with blood-platelet thrombosis 

III Thrombosis from Fiagments of the Blood Elements (Bluthum- 
merthrombose) — Disintegration of the elements of the blood occurs by 
introduction of ricin, bacterial toxins, etc , which destroy the leukocytes, 
lymphocytes, macrophages of the spleen, liver and bone-marrow 

The fragments, in conjunction with scanty fragments of erythrocytes, 
roll themselves together to form thrombi in the spleen and liver Fibrin 
IS then subsequently deposited there 

IV LeuTcocytic Thrombosis} — ^The polymorphic and mononuclear 
leukocytes phagocyte the foreign elements intioduced into the blood- 
stream, and are stopped and held back in the capillaries of the internal 
organs, especially the lungs, spleen and liver, so that a leukopenia results 
in the peripheral circulation This process is especially brought out by 
bacteria, but also by various indifferent foreign substances like particles 
of ink and starch 

V Fibrin Thrombosis — ^Although by injecting stromata or foreign 
serums the coagulability of the blood can be increased, no deposit of 
fibrin occurs Deposit of fibrin occurs only secondarily, as a sequel of 
the tjpes of thrombosis already described 

Let us take, then, a final glance over the subject of static and toxic 
thrombosis We see that neither endothelial damage, on which so much 
stress was previously laid, nor a direct coagulation of the blood, plaj 
any role Only two real reasons for the thrombosis require to be con- 



LUDWIG ASCHOFF 


525 


sideied, and then meiits weighed one against the othei I refer to the 
changes in tlie blood elements themselves, and to the slowing of the blood- 
stieam Neithei of these two factois can be excluded, as even in the 
expel iments wheie thiombi of diffeient sorts aie pioduced by heightening 
the agglutin ability of the blood-platelets by the disintegiation of white 
01 led coipiiscles, these thiombi can occiii only wheie noimally a marked 
slowing of the blood-stream is pieseiit, foi example, in the capillaiies of 
the lungs, livei and spleen But eien by veiy marked destruction of the 
blood elements it is impossible to pioduce thiombi by deposition in the 
largei veins when no slowing of the cuiient occius 

All additional factoi, theiefoie, needs to be consideied, especially in 
cases in which the thiombi aie localized in the large veins, and wheie 
the above-mentioned capillaiy legions of the lungs, liver and spleen 
generally implicated in toxic thiombosis remain free In such a case 
the increased agglutinability of the blood-platelets cannot be the diiect 
exciting cause, but a definite and leeogmzable slowing of the blood-stieam 
must first of all occur 

So we see from all these expei iments that the slowing of the blood- 
stream and the alteration of the blood elements themselves, especially 
alterations of the platelets, are the chief factois in the pioduction not 
only of the static, but of toxic thiombosis, so fai as we are concerned 
with tbiombus formation in the flowing blood-stieam In static and 
similai tyjics of thrombi the slowing of the blood-stream is of prime 
importance, while for the toxic vai relies the changes in the blood 
elements have the dominating influence 

Nevertheless, we must ask ourselves whether very important and 
intimate relationship do not exist between thrombosis and coagulation 
of fibrin There is no doubt that, ivitli a few exceptions, coagulation of 
fibrin as a rule sooner or later inevitably follows thiomboses So the 
division of the process of thiombosis, as set forth by Loeb for the lower 
animals, is now quite clear The first stage is the erection of a mor- 
phological sliuctuie by a process of aggliitmaiion Fibiin ferment is 
obtained from the agglutinated elements and cements them together by 
coagulation This is the second phase 

Theiefore, in the process of thrombosis in human beings the phylo- 
genetic development of the complicated mechanism of coagulation is 
repeated 



STUDIES OE BLOOD-PBESSUEE IN STATES OP EXCITE- 
MENT AND DEPEESSION=^ 
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Tins paper treats of blood-pressure, work done recently under the 
direction of Dr H D Singei, at the State Psychopathic Institute, in 
cases of mania, depression and agitation The sphygmomanometer used 
was that of Erlanger The number of eases investigated is not large, 
neither do the extiemely-marked examples of mama or agitation figure 
among those cited because it is impossible to get a reading in such cases 
The reason is that as one is dealing with a delicate and sensitive machine 
which registers blood-pressure graphically, the procedure would probably 
result in disaster and the reading be worthless \\Tien the typieal is sifted 
out and the impossible is eliminated, surprisingly few cases are left to 
be dealt with These few cases, then, were taken without regard to the 
age of the patient oi to the condition of the vascular system, the readings 
were all taken at regular intervals and at the same time of day, and the 
patients were all in the same position, namely, lying on the operating- 
table In fact, as far as possible all the conditions were made constant 
in each one of the cases Several readings from the same patient were 
taken and this I deem quite important, as we find that the blood-piessiiie 
at different times and in some patients varies quite considerably No 
accuiate deductions could be made from one reading One might quite 
erroneously consider a systolic pressure of 200 mm , such as was seen in 
one of the cases of depression, as a complete confirmation of the accepted 
view that in cases of depression high readings are obtained and, therefore, 
take no other reading, when as a matter of fact a day or so later the 
systolic pressure in this same patient was 140 mm Again, having the 
graphic representation of the blood-pressure, one can quite accurately 
ascertain the diastolic as well as the systolic pressure, and thus find the 
pulse-pressure quite an important thing to hate recorded The giapliic 
method also records the amplitude of the wave The observation of this 
has led to certain views concerning the tracings which will be taken up 
later Some marked variations are noticeable 

Having obliterated the pulse by the inflation of the cuff, the an was 
allowed slowly to escape until the needle began to oscillate when the 

" Fiom the Illinois State Psychopathic Institute, read before the Illinois State 
Hospitals Medical Association, Elgin, HI , April 24, 1913 
* Submitted foi publication June 30, 1913 
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height of the ineicury in the tube was taken The finger also was used 
to catch the letuining pulse, and in each instance the pulse was caught 
aftei the othei obsei ration was made The difleience in time between 
these two obseivations deeieases as the blood-prcssuie rises Hence, it 
might be said that the leadings quoted aie slightly liighei than they 
would have been had we used other types of sphygmomanometei The 
lime is given in seconds measured by an elcctiic metionome 

In levieuiiig the liieiatuie I find in Ziehen’s “Lehibuch” seveial 
refeiences uhicli will be consideied Ziehen accepts what Dr Craig' 
has to say The lattei investigatoi conducted seveial expeiiments to find 
out fiist, whethei oi not ceitain foims of insanity fall iiiidei diffeient 
heads as fai as blood-piessuie is concerned, and second, if they can be 
aiianged in diffeient gioups, whelhei the alteied blood-piessuie is a 
cause 01 a lesuU He discoveied that in a gencial way insanities fall 
into two gioups, namel}', that peisons iindei excitement have a low 
picssuie and tliose undei depiession have a high piessuie His investi- 
gations ueie all made at the same time of day, no diugs weie used, the 
condition of tlie bowels was noted, and the eases of known vasculai and 
kidney distuibanee ueie eliminated Foi check, he used noimal peisons 
with blood-piessuies of 120 to 325 mm, and e\'en heie he found varia- 
tions Foi instance, those of excitable tempei ament gave lower and 
those of apathetic tempei anient highci piessuies In twenty-one women 
with acute melancholia he found a pie^suie of 350 mm In fifteen men 
with acute melancholia he found a picssuie of 140 to 145 mm In 
twenty-ti\o excited women patients he found a pie'^suie of 105 to 110 
mm In eleven excited men patients, pie^suies of 105 to 110 mm, and 
some as low as 95 and 100 miii , weie found He cites one case of 
depiession with a blood-piessuie of 350, ivhich, on lecovery, diopped to 
326, this was followed by an excited peiiod with a piessuie of 106, 
recovery ensued and the picssuie lose to 325 mm 

In agitation with extieme motoi lestlessne'js the piessuie is, as a lule, 
low In stupor it is high, but in the depiession which follows acute 
mania, which he inteipiets as an exhaustive condition, he found on the 
contiai}'^, low piessuie In paietics the piessuie is laised during depres- 
sion and loweied during excitement In fact, it seems that in all eases of 
affective distuibanee theie aie oscillations of piessure, wheieas in cases 
of paianoia, wheie delusions are only ideational, there aie no variations 
from noimal He lecites cases of aoitic leguigitation (low pressuie) m 
which the patients, on becoming insane, usually presented manic states, 
while conveisely in cases of mitral leguigitation (high piessure) the 
insanity takes the foim of melancholy 

1 Craig Lancet, London, June 25, 1898 
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While no definite conclusions are made as to a solution of the problem, 
he considers blood-pressuie pei se is not the cause of insanity, but 
suggests that insanity and blood-piessuie may Lave a cause in common 
and cites a case in which the pressure fell pan passu as the excitement 
rose Conversely, there is no definite proof that insanity causes a change 
in blood-pressure, and, as an example, he cites paranoia He considers 
autointoxication in its causative relations and cites the feelings of depres- 
sion induced by constipation, and the relief not only of depression but 
also of blood-pressure, particularly in melancholia, when the constipation 
IS relieved This is on the theory that the splanchnic system regulates 
blood-pressure in the brain 

Pilcz^ quotes G-artner, whose sphvgmomanometei he used, as saying 
that emotional excitement raises blood-pressure and that the first reading 
IS usually the highest because of the stimulation which results from the 
procedure — a statement which he can confirm — and adds that certain 
definite mental diseases were marked exceptions to the rule In each case 
he took two readings to allow for psychic influence, except in paretics, 
who uere so demented that they were psychically uninfluenced Normal 
piessure Pilcz estimates at 105 to 130 mm Two hundred and forty cases 
weie taken under observation, and nine hundred to nine hundred and 
fifty leadings were made Assistants, attendants and paranoiacs were 
used as contiols Paretics gave normal readings at first, but as dementia 
piogiessed the pressure fell as low as 50 in bed-ridden patients Patients 
in the depression ol paresis gave higher readings By the pressure-fall 
in the terminal stages of paresis one is able to prognosticate death, even 
though at the beginning decided arteriosclerosis were present with very 
high piessure In depressed patients he found high pressure, but in 
simple cases the readmgs were still within normal limits, though rela- 
tively high This was also true of cases of agitation when under the 
influence of morphin and in the interval between paroxysms In circular 
insanity, patients when depressed gave high readings, and when excited 
low readings When a reverse reading was obtained it would seem to 
prognosticate an on-coming variation in mood He calls attention to 
Craig’s statement, which he does not understand, that in extreme cases 
of anxiety the blood-pressure goes down, but agrees with him that the 
exhaustive stupor following mania gives a low pressure In stupor, 
folloiving melancholia, the author found high pressure, but no change in 
catatonic stupor 

Kiamer® says one must guard against muscular resistance, for this 
causes increased blood-pressure He compares his cases with those of 
normal persons and finds among the latter, variations in blood-pressure 

2 Pilcz Wem klm Wchnschr, 1900, xii 

3 Kramer Munchen med Wchnschr, 1892, No 6 
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between 90 and 180, but thinks these noimal peisons are not piaeticable 
subjects foi compaiison, as tbej’^ aie subject to vaiious conditions which 
influence the piessuie He also insists that to aiim at a coiiect result 
one must take leadings which covei a numbei of years He calls atten- 
tion to the fact that, in many instances, lecoveiing patients take on flesh, 
and as this bodily change influences blood-piessure, a compaiison of the 
readings taken befoie and aftei lecoveiy in such a patient, oi comparison 
of the leadings in one ease in which symptoms aie piesent with leadings 
in another case taken aftei lecoveij, aie inaccuiate Although muscular 
action influences piessuie in both anxious states and depressed phases of 
manic depiessiie msanitj'-, yet aside fiom this factoi theie is a high 
blood-piessuie because of the condition of mental depiession, and when 
this mood changes tlieie follows a change in blood-piessuie 

I ha^e made ‘seveial tiaeings of blood-piessuie in manic, agitated and 
depiessed states, but will give onlv selected ones fiom each group Of 
the innnie phase of inanic-deinessiie insanity, tlieie are ten cases The 
nmnbei of ob'^ei rations taken in this gioiip varies fiom one to five in each 
ease, and in instances of moie than one leading, obsei rations weie taken 
a reek apait These case'; aie in pait typical, the patients showing 
psychomotoi icstlessness and pi ess of speech other patients weie meiely 
stimulable non-piodnctive and iiascible, while otheis weie lecoveimg oi 
leco^ered Of the depies'^ed phase ot mauic-depiessive insanity, theie 
aie SIX cases In some of these cases six leadings weie taken One of the 
patients giew mildly agitated dining the taking of the reading and a 
few weie stupoious In the nnolutional gioup theie aie a numbei of 
patients — all ovei 50 yeais of age, one 73 yeais of age A numbei of 
leadings heie weie made in each case Some of the patients have appai- 
ently lost affect, in that they pace the flooi and wiing the hands less, and 
they lemain cleai in mind although delusional and appiehensive One 
patient is lathei anxious and has motoi agitation 'WHiile I lealize that 
the cases aie too few to wan ant making any positive deductions from 
them, I find so many exceptions to the accepted dictum that I cannot 
entirely, if at all, agiee with it 

In looking ovei the tiacings taken in the manic eases, I was impiessed 
with ceitain paitieulai features which follow 

1 These tiacings without exception show a cuive of great amplitude 
(Fig 1), more maiked in the cases of psychomotoi lestlessness, but 
sufficiently demonstiable even in the non-pioductive cases to distinguish 
them from tracings obtained in cases from the other groups 

% After the needle has begun to oscillate it rapidly jumps into full 
amplitude and the systolic blood-pressure is at once reached This too is 
more marked the more evident the restlessness In the othei groups this 
peiiod of oscillation before i caching systolic pressure is long drawn out 
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3 Aftei having begun to oscillate the needle works rapidly to the 
finish, indicating a rapid pulse 

4 Ihe blood-pressure is laised and the pulse-pressure likewise is 
high 

Some of tile cases selected in this group have aiteriosclerosis, some 
hare no scleiosis, at least demonstrable I find in the former the same 
sort of curve as m the latter, though the sclerosis is a factor in laising 
the blood and pulse-piessure still highei in such cases of mama I 
aiianged in groups the patients in whom arterioseleiosis was and was not 
piesent and found the aveiage blood-piessure and pulse-pressure higher 
in eases of mania in which there was aiteiiosclerosis than in cases of 
mania in which theie was no arteriosclerosis One sees in manic cases 
heightened coloi, sparkling eyes and a motor adjustment to a general 
feeling of exhilaiation, and it is quite probable that in these tracings 
there is evidence of alteied vasomotor tonus 



Fig 1 — Pulse-tiacing, Case 2 Note large amplitude, early onset and lapid 
action dial actei istic of tracings in manic states 


MANIC STATES 

I shall present three cases which have both manic sj'mptoms and 
aiteiiosclerosis 

EEPOBT OF CASES 

Case 1 — H, aged 63, has a history of previous attacks, is an exhibitionist, 
IS sleepless, lestless and has arteriosclerosis The systolic piessure is 190 mm , 
the diastolic pressure 124 and the pulse-pressure 66 In a tracing taken in 
this case what has been observed as the special feature of the tracing in manic 
states IS sho^vn, namely, high amplitude, early onset of the full oscillation ana 
rapid action When the length of time that elapses before systolic pressure is 
reached is compared to the length of time that elapses before the same pressure 
occurs in depressed cases, there is found in the former only a few seconds, while 
in the latter as many as thirty seconds elapse 

Case 2 G, aged 43, has an attack of a few months’ duration, has had 

several attacks,' is irritable, vicious and has slight arteriosclerosis The systolic 
pressure is 170, diastolic pressure 98, pulse pressure 72 in one reading and again 
systolic pressure 144, diastolic pressure 92 and pulse pressure 52 m another 
The features again observed are large amplitude, early onset and rapid action 
(Fig 1) Notice that the pressure varies We cannot determine whether this 
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diffeience is due to the Aanance in the arteiioscleiotic factor oi to the manic 
factoi It nas -with gieat difficulty I could catch the systolic piessuie because of 
its eaih onset after the beginning of oscillation 

CvsE 3 — S aged 43, has had a previous attack, is expansive, talkative and 
aleit I lie mania is of a leligious type The pa+ient has aiteiioscleiosis Five 
leadings show 


Systolic piessuie 
150 
150 
IGO 
148 
ICO 


Diastolic pressure 
104 
100 
100 
90 
100 


I had dIfficuIt^ in catching the s\stolic piessure so lapid was the onset of 
full amplitude 

These liacmgs do not vaiy fiom the otheis pievioiisly cited The 
next foil! cases of mania liave no aiteiioscleiosis All aie young 
individuals 











Fig 2 — Pulse tiacing, Case 5 A typical tiacing in manic cases 


Casl 4 — S, a young woman is excited, lestless, talkative and distiactible, 
but lanes in the distuibed condition Four readings aie given 


Sj'stohc piessure 
118 
112 
130 
120 


Diastolic piessuie 
78 
74 
80 
80 


The first and second readings taken were low'er The first W’as taken during 
a very quiet peiiod and the second follow'cd a sedative pack It would seem to 
indicate in the first instance a decrease in all the features of the manic tracing 
as restlessness diminished In the second instance the sedative pack relaxed the 
general muscular tone The other two tracings taken in this case show all the 
previously described features 

Case 5— S , a young man, has had a previous attack, is flighty, talkative and 
combative, physically, negative The systolic piessure is 154, diastolic pressure 
96 (Fig 2) This IS one of the most typical tracings I have illustrating manic 
features 
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Case 6 — T , aged 34, has mama of three months’ duiation The patient has 
had a pievions attack, is talkative, quarrelsome, expansive and irritable The 
condition physically is negative Tiie systolic pressure is 160, diastolic pres- 
sure 108 

Case 7 — 0, aged 24, has had a previous attack of mania The patient 
formerly had picssure of speech and activity, but now is emaciated, anemic, has 
a pool appetite and otherwise is negative physically At present much less 
activity IS shown The large amplitude of the wave and early onset of the 
oscillation were piesent in the tracing, although the systolic pressure was 138 
and the diastolic pressure was 80 The pulse pressure was 58 — not so high as 
in the more active cases, yet higher than normal and much higher than the pies- 
sure was in any of our stuporous cases or in the catatonic who sat next to him 

NON-PEODUCTIVE MANIAS 

Case 8 — W , aged 27, has mama of one and one half years’ duration The 
patient is iiritable but careless, is interested and happy but non pi oductive 
There aie no physical findings Foui readings are given 

Sj'stohc pressuie Diastolic pressure 

104 78 

100 80 

134 82 

no 74 



Fig 3 — Pulse tiacing. Case 9 Peisistence of characteristic featuies of manic 
states, though less marked in this case 


In one reading the patient was a little active, objecting to the proceduie, and 
the systolic blood-pressure rose to 134 Otherwise the blood-pressure is near 
noimal, although we still find the tendency towaid largei amplitude, lapid onset 
and rapid action in the tracing, all of which were more noticeable at the time 
she was disturbed 

INTERMISSION IN A CASE OF 3IANIA 

Case 9 — 'M.o.K , a young girl, who has recently been excited, is now quiet 
but not well The systolic pressure is 130, diastolic pressure 90, pulse pressuie 40, 
all with a tendency toward a slight rise The amplitude and othei distinguishing 
featuies are noticeable (Fig 3) but are not marked 


BECOVERT from 3IANIC STATE 

10 ^K, aged 30, has mama of one year’s duration She is negative 

physically, is talkative, fiighty and active Three readings are given 

Systolic pressure Diastolic pressure 

130 80 

120 80 

120 80 

As she recovered the manic features in the tracing subsided and the blood- 

pressure dropped 10 mm 
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STUPOEOUS CASES 

Out of tile stupoioiis cases I have selected two m which there aie 
piacticall}’- the same age and duiation, the same degree of emaciation 
and the same mental manifestations They have been selected foi their 
similaiity and also foi then dissimilar ity, m that one patient had aiteiio- 
scleiosis and kidiiej lesion^ while the other was free from these conditions 



Fig 4 — Pul^e liacing Case 11 Small amplitude, slow action Blood-piess- 
uie not abo^e noimal 

Cvsi 11 — X J aged di is maiiicd and lias had a psychosis of one and 
one Jnlf leais’ dination is cianotic, emaei.atod, stupid letaided and depiessed 
'Jlicie IS sliglit ni teno'scleiosis The uiine shows a faint tiace of alhumin Five 
leadings aie gnen 


Sistolic piessuie 

Diastolic piessuie 

Pulse piessuie 

100 

SO 

20 

no 

71 

36 

no 

72 

38 

126 

9S 

28 

118 

88 

30 


The aioiage «Astolic pic'^suio is 113, the a^elage diastolic piessuie is 83, the 
aieiage pulsc-piessuic is 30 


(d(;_ 


Fig 5 — PuFetiacing, Case 12 Small amplitude, sloiv action, low hlood- 
picssure 


Cash 12 — A F, single, aged 37 Psichosis of one yeai’s duiation Ideas 
of unwoithiness and commission of unpaidonahle sms are present The patient 
IS letaided, cyanotic and emaciated Sj\ leadings are given 

Sj'stolic pressure Diastolic piessuie Pulse pressuie 
90 GO 30 

90 60 30 

78 64 14 

90 64 20 

92 58 34 

82 60 22 

The average s 3 'stolic piessuie is 87, diastolic piessure 62, pulse pressure 26 
In the case with the artei losclei osis and kidney lesion (Fig 4) the blood- 
pressure is highei than in the otliei case (Fig 5) Both show small amplitude 
and slow action The blood-pi essure is quite low in the second case In the first 
case it IS not above normal 
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DEPRESSION CASES 

Case 13 — K , aged 54, a horse sheer and a native of Illinois, has insanity of 
a few months’ duration, is worried, hopeless, suicidal, depressed and slightly 
letarded The heart and aiteries are negative in condition Albuminuiia is 
piesent Five leadings are given 


Systolic piessuie 
166 
168 
200 
182 
142 

The pulse pressuie vanes from 40 to 50 


Diastolic pressure 
130 
126 
160 
120 
90 



Fig 6 — Pulse tiacing. Case 14 Effect of muscuKi lesistance 


The tiacing which w^as taken in this case lacks the rapid onset seen in the 
tiacing of the manic The onset w'as moie tedious and long diawm out The 
amplitude vanes as the hlood-piessuie vanes, being greater in those tracings 
which exhibit the higher piessuies Here the factor seems to be the kidney 
lesion, W'hich vanes in its effect on the ciiculation In no tiacing made in these 
cases, how'evei, is there sliowm the amplitude or lapidity seen in the manic case 
tracings The mental condition seems to be the same fiom day to day We will 
compaie this case wutli one without arterial or kidney trouble 



I S 




, t i.i'i'i" 
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hig 7 — ^Pulse tracing. Case 15 Low amplitude, slow action and slow approach 
Conti ast with manic conditions 

Case 14 — T , aged 34, has insanity of one year’s duration he has had 
pievious attacks, is retarded, fearful, remorseful and subject to spells of agitation 
The systolic pressure is 130, diastolic pressure 78 At the beginning of the 
experiment he was cooperative but became resistive and agitated, and with this 
the diastole became prolonged This gives an increase m pulse pressure, though 
the blood-pressure is low The approach ot the needle to the systolic reading is 
slow, the amplitude is small This tracing (Fig 6) also illustrates the eflFeet of 
muscular resistance on the readings 
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Case 15 — D, aged 40, is depiessetl, hopeless, slightly retarded and woiking 
Ihe pliysical condition is negative The avciage systolic piessure is 117, diastolic 
piessuie 8G, pulse piessnie 31 The blood-piessme is low, as is also the pulse- 
piessiiic Ihc same kind of tiacing (Fig 7) was obtained as m othei eases of 
the same tjpe, nainelj, low amplitude, slow action and slow appioacli This 
IS to be contiasted uith the featuies in the previously desciibed tiacing in manic 
case« 



I’lg S — Pul^e tiacing Case 20 showing blood piessnie use ivith musculai 
I es I '.hi nee 

Case 10 — B aged 20 has a first attack of insanitj of a few months’ duiation 
Ideas of unwoitliiness and a feeling of insn/liciency aie piesent Ihe patient is 
in a negatne plnsical condition The sjstolic piessure is lOG, diastolic piessuie 
78 pulse piessure 28 Low piessuie both of blood and pulse, and the same kind 
of tiacing as prciioiish desciibed, were noted 

MBLAKCirOLlAS 

In these cases is ^een (Figs 8 and 9 ) tlie effect of mnscnlai resistance 
111 laising ihe blood-prossuie legaidless of the condition of the aiteiies 
Aftei such patients become calm the blood-pie^suic falls neaily to noimal 
if theie IS no aiteiial disoa«e, and while the mental state is constant, the 



Fig 9 — Pulse tiacing, Case 20, show'ing blood-piessuie use wutli musculai 
resistance 

blood-piessure varies, depending more on the variation of peripheral 
resistance than on any change in mood These patients are in middle 
life and a higher average might be expected, other conditions being 
normal 

In those cases in w^hich aiteriosclerosis is present the average blood 
and pulse-pressures are highei than in the cases in which arteriosclerosis 
does not exist 
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Case 17 — C, aged 48, has melancholia of thiee yeais’ duration The patient 
had a previous attack, is poorly nourished, tuberculous, agitated at times, 
deteriorated, depiessed and stupid, a marked arteriosclerosis exists 

This case really belongs to those classified as stuporous depressions, though 
the hlood-pressuie and pulse-piessuie were slightly high for a stuporous case 
Four readings are given 

Systolic pressure Diastolic piessuie Pulse pi essure 


110 

86 

24 

114 

84 

30 

126 

88 

38 

132 

90 

42 


This could be accounted for by the arteriosclerosis The amplitude of the 
wave was a little larger on this account, but far slioit of the large amplitudes 
seen in the tracings of manic cases 

Case 18 — C-2, aged 5G, has melancholia of a duration of one j^eai The 
patient has ideas of persecution and hallucinations Though at first she was 
agitated, restless, and apprehensive there was later a deterioration to fussing, 
upbraiding and crying, though the condition was one of toleiance Five readings 


are given 

Systolic pressure Diastolic pressure Pulse pressure 


136 


88 

48 

112 


80 

32 

no 


80 

30 

130 


90 

40 

120 


88 

32 

In this case the tiacings 

show moderately ! 

low blood-pressiue and pulse 

pressure which do not rise except when the patient resists, which occuiied when 

the readings were taking 

Nothing distinctive was shown in these tracings 

Case 19 — S , aged 55, 

has melancholia of two 

years’ duration, has delusions 

of peisecutron, is suicidal, distressed and has periodically marked anxiety The 

physical condition is negative 

Seven readings aie 

shown 

Systolic pressure 

Diastolic pressure 

Pulse pressure 

130 


70 

60 

no 


70 

40 

112 


70 

42 

120 


70 

50 

120 


74 

40 

130 


oO 

50 

120 


90 

30 


The fiist and sixth readings in which the blood- and pulse pressui e are 130 
and 60, 130 and 50, respectively, show the effect of her resistance This does not 
reach the height seen in tracings of manic or arteriosclerotic cases, and distinctly 
lacks the special features noted in the tracings of the former 

Case 20 — , aged 45, who was formerly suicidal and anxious, is now empty 
and mildly resistive at times A slight arteriosclerosis exists Six readings are 
given 

Systolic pressure Diastolic pressure Pulse pressure 
160 100 60 

116 80 36 

134 80 64 

122 88 34 

140 90 50 

110 76 34 

The first reading shous the effect of musculai resistance in raising blood 
pressure and pulse pressure (Figs 8 and 9) 
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Case 21 , aged <3, is agitated, unclean, has feeling of unwoitliiness, is 

evcitcd and appiehensne The ideas aie all piesent but the affect is gone 
Aitenoscleiosis evists Bi\ leadings aie given 

Systolic piessuie Diastolic piessuie Pulse piessure 
160 80 80 

140 80 60 

170 70 100 

140 88 52 

130 80 60 

160 80 80 

Though the mental condition did not change, the blood pi essui e did, owing to 
the Aariation in the peiiphcial icsistance in the scleiosed aiteiies This shows 
the A .line of mam leadings in anj case One leading was 170, anothei 130 for 
sistolic blood piessure 

Case 22 — has melancholia of one and one half ^eais’ duration, is 
depiessed, has feeling of unwoitliiness is appichensive and suicidal The aiteiies 
aie palpable Deteiioialed to an empU condition Foui leadings aie given 

Sislolic piessuie Diastolic piessuie Pulse piessuie 


160 

100 

GO 

140 

no 

30 

140 

102 

44 

160 

no 

50 


Ihe patient was neither agitated noi lesistne Tlie high blood- and pulse 
nressuies are due to tlio <?clciosis of the ai tones 

POXCLUSIONS 

1 Caces of mama show ivpical foatuies in the tiacings w'hich aie 
taken, and these aic piobnblv clue to an alteied state of vasoniotoi tonicity 
in keeping with the otliei inotoi phenomena m these cases These 
fcatiiies aie laige amplitude of tlie cunc, lapid action and shoit mteival 
between beginning of oscillation and full amplitude The blood and 
pulse-piecsuies aie lai'-cd and aie moie maiked, as aie the othei featiiies 
just spoken of, as the lestlessness becomes moic maiked All deciease as 
the patients lecovei In non-pioduetne cases these fea tines aie much 
diminished, but still demonstiable Aiteiioscleiosis cMsting m raanics 
laises the blood- and pulse-pi essui es still liighei The usual features of 
the manic tiacmg aie as appaient heie as in cases without aiteiio- 
scleiosis, and the largei amplitude, lapid action and eail}'' onset in the 
tiacing aie not featuies of the sclciosis, but of the manic state In cases 
of scleiosis occuiiing in othei types of psychosis these features aie 
lacking 

2 In stupoious cases the blood- and pulse-iii essui e are quite low 
The amplitude is quite small and action is slow’’ end tedious This seems 
to indicate a condition of lelaxation of the blood-vessels, in keeping wnth 
the othei phenomena exhibited 

3 In depiessed cases the blood- and pulse-pi essui es aie low^’er than in 
the manic states, but liighei than in the stuporous states The amplitude 
of the wave, its onset and lapidity is less than in the manic states, but 
highei than in the stupoious states Any use m any of these things is 



538 


TEE AECEIVES OF mTEREAL MEDICIFE 


due eithei to muscular lesistance oi physical disease and not to any state 
of mind 

4 In melancholia the aveiage blood-pressuie is relatively high foi 
the patients are among those in middle life The blood-pressure and 
pulse-pressure are neai normal as long as there is no muscular lesistance, 
and no othei factor, snch as arterioscleiosis, to pioduce a rise The 
tracings show nothing peculiar, except when these factors are added, and 
then blood-pressure is laised, the amplitude of the wave is also slightly 
increased 

5 By taking many leadings it may be possible to attribute high 
blood- and pulse-pressures in some cases to the varying elfect of arterial 
and kidney disease on peripheral resistance rather than to the effect of 
the mental condition In other cases lesistance on the part of the patient 
IS a factor in raising the pressure — a fact which might be oveilooked 
had only one i eading been taken at such a time 



AGE INCIDEECB IN CARCINOMA 

CARL VERNON WELLER, MD 

ANX ARBOR, MICH 

The piogiessive inciease in the incidence of eaicmoma as the middle 
peiiod of life is appi cached and leached has long been leeognized Most 
writeis ha\e contented themselves with a statement of this fact leaving 
the leadei to nndei stand that even m advanced years the piogiessive 
inciease is maintained For instance, Bashfoid^ says “Carcinoma appeals 
m the hnman subject vith inci easing fiequency as life advances” He 
lecognizes, hovcAci, that the caieinoma incidence m those oigans which 
nndei go a definite phase of involution long befoie senile changes m the 
oigaiiism as a whole aie maiked, is highest duiing such involutionaiy 
piocesses This lie ba«es on statistics of hi east and uteiine cancel 

Senii* gnes a suggestion that in extieme old age the cancel incidence 
IS deci eased, as the following quotation shows “Caicmoma manifests a 
piedilection foi tlie conditions incident to senile marasmus, occuimig 
ino'Jt fieqiieiitly in poisons between 50 and TO years of age” 

It was 111 the hope of thiouing additional light on this and allied 
pioblems that the analysis heie pieseiited of ovei f,100 micioscopically 
leiified ca^cs of caicinoina was undei taken 

Seieial vaiieties of cancel statistics have been made use of in similar 
iinestigations Sucli aie moitality letuins, cancel censuses and hospital 
and laboiatoiy lepoits Fiom the standpoint of a study of age-ineidence 
the fiist-named fails, in that moitality i etui ns give only the age of the 
victim when the disease has oveipoveied him, the cancel census fails in 
that the lepoit is encumbeied with unveiilied coses, while the greatest 
objection that can be raised against hospital and laboiatoiy reports is that 
they aie not deiived fioiii a representative fi action of the total population 

Our mateiial consists of consecutive cases of caicinoma of known age, 
diagnosed in the Pathological Laboiatoiy of tlie University of Michigan 
between the years 1895 and 1913 This mateiial possesses the following 
advantages 1 Every case has been microscopically verified 2 The age 
of the patient is obtained at a much eailiei stage than in moitality records 
and thus the actual age-mcidence is moie nearly repiesented 3 The 
cases aie derived from a faiily lepiesentative fi action of the total popu- 
lation The laigei part are from the umveisity hospitals, which leceive 

* Fi om the Depai tment of Pathologj^ XJnivei sity of Miclngau 

* Submitted foi publication August 8 

1 Bashford Imp Cancer Reseaich Fund, 1905, No 2, p 32 

2 Senn Pathology and Suigieal Tieatment of Tuinois, p 66 
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patients from the entiie state, and, to a lesser degree, from neighboiing 
states Because of this fact, and also because they are not chanty hos- 
pitals, the patients are inucli more representative of the general 
population than is ordinal ily the case 

The figuies for the age distiibution of the total population are derived 
fiom the United States census repoit for 1900 ^ This census report was 
chosen as being more nearly at the midpoint of the period duiing which 
the cases occuiied than was the census report of 1910 Since more than 
90 per cent of the cases lepoited are fiom Michigan, the figures foi that 
state alone were considered The eiior here is negligible for the varia- 
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while if the usual gumguennial gioups were used, the group 60 to 64 
would include many cases which in reality belong m the preceding period 
The percentage of the total population living during each age period 
and the peieentage of tlie total number of cases of caicmoma foi each 
age peiiod are slioivn by the two curves of Chait 2 The carcinoma curve 
lies below the population curve up to age 37 Here the curves cross At 
this point the ratio between the two curves is unity, and it may be 
interpreted as being the point at which the number of cases of carcinoma 
is the same as it would be were carcinoma unifoimly distiibuted through- 
out the total population Beyond tins point the ascent of the curve of 


AGE P£R(0DS 



CARCIKOMA 

Chait 2 

caicinoma peiceiitages is veiy rapid and the highest point is leached in 
the age peiiod 53 to 57 

This does not mean that the carcinoma incidence is greatest during 
this age peiiod, for the deci easing population leaves fewer individuals to 
be attacked This point has been further elucidated by computing a senes 
of ratios between the percentages previously used, that is, 

n , n J -KT percentage of carcin oma for age period N -7 1 - 

KatlO tor age period in ■ percentage of population for age perlod'N ' 

These ratios are plotted in the curve of Chart 3 As previously men- 
tioned, the value is less than one up to age 37 and greater than one 
thereafter The apex of the curve is at the age period 58 to 62, and this, 
therefore, represents the age period of greatest carcinoma incidence 
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From 58 to 62 there is a definite fall in the curve, which becomes most 
marked after 66 to 72 The abrupt rise after 78 to 82 is meanmgless, 
since it is determined by too small a number of cases (eight) to have 
any value One must therefore conclude that after 70 years of age there 
IS a decided diminution in the incidence of carcinoma 

Chart 4 shows graphically the age distribution of our cases of car- 
cinoma divided according to sex. The cases in males totaled 495, in 
females 611 It is noticeable that the curve for female cases rises on the 
average ten years before that of males, reaches its apex ten years earlier 
and falls on the average five years ahead of the curve for males Since, 


I 

m 



AGE PERIODS 

F g ^ ? g I? I? ? 5 9 ^ 



however, the total number of cases dilfeis with the sexes, and the popu- 
lation totals for the sexes are also unlike in their age distribution, no 
definite conclusions can be drawn from the data presented by Chart 4 
It has, therefore, been necessary to construct ratios on the same general 
plan as before, that is, 

- , J TsT percentage of carcinoma in males at age period N 

EatlO for malGS^ penocl JN percentage of male population at age period N 

and 

T ->.-1- percent^ee of carcinoma m females at age period N 

Eatio for females, age penoa in percentage of female population at age period N 

By plotting the two senes of ratios a graphic lepresentation of the 

incidence of carcinoma in each sex and at each age period is obtained and 

a direct comparison is possible (Chart 5) The ratio for females reaches 

unity about the age 33, while for males this point is not reached until 

a£re 39 Among females the incidence of caieinoma reaches its height in 


NUMBER OF CASES 


AGE PERIODS 



MALE FEMALE • 

Chart 4 
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the age period 58 to 62, while earcmoma is most frequently recognized 
in males at 68 to 72 These latter figures are made somewhat higher than 
they should he by the cases of basal-eelled earcmoma which, occurring 
most fiequently in males, are often diagnosed rather late in life, though 
they may have been of many years standing But, even with due allow- 
ance for this source of error, it is evident that in the female the wave of 
carcinoma incidence traverses its C 5 'cle five to ten years earlier than in 
males The sharp decrease in both curves after the ciest of the curve is 
reached holds good for each sex quite as well as it did in the combined 
statistics of Chart 3 



BREAST • UTERUS ■■ — ■ ALL OTHERS 


Chart 6 

In order to discover what elements m the curve of female cases of 
carcinoma were responsible for causing it to precede the male curve in 
all its phases, the female cases were divided into three groups according 
to the location of the carcinoma 

Breast 229 cases 

Uterus 219 cases 

All others 165 cases 

The age distribution of each of these three types is shown by Chart 6, 
and m Chart 7 the percentages of the total number of cases m each group 
occurring durmg each age period are plotted It is found that between 

33 and 43 the percentages of cases m which carcinoma of the breast and 
uterus occurs are much higher than that of the group which is designated 
"^all others ’ These two sources, comprising more than two-thirds of all 
our cases of carcinoma m women, are therefore very powerful factors in 
deteiminmg the earlier cycle in the general curve for women 

The form of the curves in this chart becomes less regular because of 
the smaller number of cases bemg considered There is one irregularity. 
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howevei, which while it may be due to the smallei number of eases, may 
also have a much deeper significance In the cuives which mdicate cases 
m which carcmoma of the uterus occurs, we find 

42 cases, or 19 4 pei cent , at age period 38 to 42 

23 cases, or 10 6 per cent , at age period 43 to 47 

39 cases, or 18 0 per cent , at age period 48 to 52 

The peculiar drop just at the menopause period, 43 to 47, may find its 

explanation in the fact that metrorrhagia at this time is usually con- 
sidered by the patient as hut a phenomenon of the climaeteric, and there- 
fore unworthy to he investigated 
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CONCLUSIONS 

The analysis here given indicates that 

1 The incidence of carcinoma is greatest at the age period 58 to 63. 

2 After this period the carcinoma incidence decreases 

3 Carcinoma incidence in women runs a definite cycle which is 
roughly parallel to that in men, hut precedes it by five to ten years 

4 The earlier age for the phases of the curve for women is largely 
due to the earlier appearance of carcinoma of the breast and uterus as 
compared to other varieties of carcmoma 


HEEEDITY WITH EEEEEEHCE TO CAECHSTOMA 

AS SHOWN BY THE STUDY OE THE CASES EXAMINED IN THE PATHOLOGICAL 
LABOEATORY OE THE UNIVERSITY OE MICHIGAN^ ' 

1895-1913 * 

ALDRED SCOTT WARTHIN, MD 

ANN ARBOB, MICH 

The statistical study of carcinoma is regarded by many writers as 
having been earned as far as it can be profitable, and certainly but little 
that IS new has been gained through this method during the last decade 
Nevertheless, its possibilities have not been exhausted, and it is highly 
desirable that the whole neoplasm problem in all of its aspects be attacked 
again from the statistical standpoint, though in a somewhat different way 
Practically all of the old statistical studies of neoplasms, particularly 
those of carcinoma, were based on mortality reports, or if not on these, 
on morbidity reports based on clinical diagnoses In very few instances 
only has the statistical study been carried out on the basis of the records 
of a diagnostic pathological laboratory Statistics of neoplasm from such 
a source must be of infinitely greater value than those founded on mor- 
tality statistics In the records of the diagnostic laboratory the diagnosis 
is based on the histological examination, and the percentage of error is 
reduced to a minimum In the mortalily statistics, on the other hand, 
the diagnoses are chiefly clinical, and consequently subject to the wide 
error inherent in the clinical diagnosis of ^^tumor," neoplasm, ^‘'canceP^ 
and the like Moreover, the material coming to the diagnostic laboratory 
IS usually seen from two to five years earlier than the mortality age 
In studies relating to the age-mcidenee of any form of neoplasm it is 
evident that the records of the pathological laboratory for that neoplasm 
will be much more trustworthy than the mortality statistics It is also 
possible many times in the diagnostic laboratory to follow the course of 
a neoplasm over a definite period, so that important piactical knowledge 
may be gained as to rate of growth, recurrence, healing, metastases, etc 
The following study of the influence of heredity on carcinoma is taken 
from the records of the pathological laboiatory of the University of 
Michigan during the years of my seivice from 1895 to 1913 During this 
period 3,600 cases of neoplasm of all varieties have been studied, either 
in material taken for practical diagnosis or obtained by necropsy Of 
these 3,600 eases, some 1,600 were cases of carcinoma, as was shown by 
the microscopic diagnosis Practically every variety of carcinoma 


* Submitted for publication Aug 8, 1913 
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described in the literaturej and a few others, as well, are to be found in 
this material , and the same is true of the othei forms of neoplasm While 
carcinomas of the breast, uterus and lip form the greater part of the 
cases examined, all other localizations are represented Another great 
advantage is that about 90 per cent of the material was derived from 
the general population of the state of Michigan The fact that the 
university hospital is a state hospital and not a charity institution, gives 
it a much more representative population than would he found in the 
chant}’’ hospitals of the gi eater cities 

The difficulty of obtaining a family history from patients in charity 
hospitals IS well known Tew of them Imow the cause of death in their 
giandparents oi in other membeis of that generation The same thing 
IS true, though to a less extent, of the patients from whom the material 
used in this study was obtained Therefore what worth this study may 
have must be positive , the negative findings cannot be taken as absolute 
In about bundled cases of carcinoma no family history was obtain- 
able, in the majority of those in which a family histoiy was obtainable 
the details are meager In spite of these handicaps, in a surprisingly 
large number of cases a family history of carcinoma is given — about 15 
pel cent of all in winch the family history is obtainable 

Tlie existence of a family susceptibility to caicmoma, denied by many 
writers, affirmed by others, has again become, as a result of the studies of 
endemic carcinoma in mice, a question exciting lively interest These 
investigations appear to show that certain family strains in mice do not 
develop spontaneous tumors, and that, further, such strains are resistant 
to tumoi transplantation from other mice Other family strains show a 
high frequency of spontaneous tumors, and in such strains transplantation 
may be successfully carried out It would appear then, that the latter 
stiams possess a familial predisposition or susceptibility to the develop- 
ment of neoplasm, and that intrinsic or inherited factors play some part 
m the development of neoplasms Bashford denies this, and Tyzzer, who 
carried out breeding experiments with animals representing different 
strains, was unable to find that the transmission of the predisposition to 
neoplasm followed the laws of heredity 

On the other hand, a family piedisposition in the human species to 
certain foims of neoplasm has long been recognized, particularly in the 
case of certain benign neoplasms (fibroma, lipoma, chondroma, osteoma, 
angioma, leiomyofibroma, glioma, neurofibroma, papilloma, adenoma and 
cyst-adenoma), and to a less marked degree in the case of certain forms 
of sarcoma and carcinoma While the existence of such a predisposition 
IS generally accepted by text-books on pathology, no good statistical 
studies exist of the hereditary occuirence of these neoplasms 
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Cancel surveys of living patients, as conducted in Germany some 
years ago, have given little information concerning the family occurrence 
of neoplasms, chiefly for the reason that it is practically impossible to 
trace the members of a given family through more than one or two 
generations, and unless all of the members of the family for several 
generations can be considered, no accurate conclusions can be drawn 
The difficulties attendant on such a statistical study are very great, and 
except in rare cases complete family records of cancer incidence are not 
found in the literature One of the most striking is Broca’s case,^ also 
quoted by Levin, who ciitieizes the method of investigation, because no 
comparison was made between the number of the affected and unaffected 
members in each geneiation If the total number of ascendants is not 
consideied, and only those affected by carcinoma picked out, a family 
may appear to be a cancer family when m reality the proportion of 
cancerous to non~cancerous members is very small As Levin states, 
Broca’s family might give very different results if studied from the 
standpoint of the history of all its members 

Levin, to my knowledge, is the only one who has attempted a 
statistical study of heredity in cancer from the standpomt of an entire 
family histor}'- He collected data® from five families, in two families 
fairly complete and in three fragmentary In the families studied he 
noted that they were characterized on the whole by the oecuirence of 
cancer of the intestines in the males, and cancer of the breast in the 
females His chaits show that the incidence of cancer in these families 
IS not greater numerically than would be found in the population as a 
whole, but that the occurrence of ‘^cancerous fraternities” (a fraternity 
in which one or more members suffer from cancer, with a history of 
cancer eithei on the maternal or paternal side, or both) speaks for some 
influence of heredity on cancer In other words, a cancerous fraternity 
must mean the union of two germ-plasms, each of which is characterized 
by the presence of germ-cells that are non-resistant to cancer 

In my material of 3,600 cases of neoplasm examined pathologically, 
there weie 1,600 eases of carcinoma About one thousand of these gave 
fairly good family histones with the ages of the members A smaller 
number (30 per cent ) gave detailed histones From this number are 
taken the families which shoAV multiple occurrence of carcinoma In 
many of these all of the members of the family for three generations are 
given . in others, the records are incomplete Four families give complete 
records of the descendants of the cancerous grandparent The incidence 
of cancer in these families is so striking that it can be interpreted as 
shelving an inherited susceptibility to cancer 

1 Broca Quoted by Wolf Die Lein e von den Krebskrankheiten, Jena, 1907, 
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CAN'CER FAMILIES 

FAiiiLY G (Cbait 1) — In tins family a fairly complete survey was made of 
the two generations derived from a cancerous grandfather with a traditionary 
history of cancer m his line and a grandmother with a normal family history 
Prom these there were ten children, five males and five females Two of the 
daughteis died of cancer of the uterus at 55 and 40 years, while two sons died at 
42 of cancer of the stomach, and a thud one at 45 of cancer of the abdomen All 
five of these individuals were married to normal partners without a family history 
of cancer, and all had issue, as follows Oldest daughter who died at 55 of cancer 
of the uterus, had ten children one daughter operated on at 42 for “cancer” of 
the uterus and still living, another daughter operated on at 22 for uterine tumor 
and bilateral dermoids of ovary, and still living The remaining eight children 
are all living and well, only two being over 40 years of age The second daughter, 
who died at 40 of cancer of the uterus, had four children, two sons and two 


FAtllLY G 



daughteis all dying of cancer, the two sons of cancel of the stomach and intestine, 
and the two daughters of carcinoma of the uterus The third daughter, living and 
well at the age of 75, has three normal childien living at the ages of 47, 50 and 55 
Four children had no living issue The eighth child, a son, died at 42 of cancer 
of the stomach His wife was of normal family history They had eight children, 
of whom two daughtei s have died of cancer of the uterus at 40 and 44 years, while 
the remaining siv. are all living and ivell below the age of 40 The ninth child, a 
son, died of cancer of the stomach when between 40 and 42 yeais of age He 
left SIX children from a marriage conti acted with a woman of non cancerous 
family history One daughter died at 42 of cancer of the uterus, three children 
died of tuberculosis between the ages of 18 and 25 years, while two others are 
living and well at the ages of 32 and 29 years The tenth son died at 45 of 
cancer of the abdomen, most probably primary in the stomach He left, from a 
marriage contracted with a woman of non cancerous family, seven children, of 
whom one died at 42 of cancer of the stomach and liver, another at 47 of cancel 
of the intestine, while a third was opeiated on at 42 for tumor (“cancer”) of the 
uterus, and still lives in apparent good health Four others are living and normal 
at the ages of 45, 35, 30 and 30 


jT 
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Of the forty-eight descendants of the cancerous grandfather seventeen have 
died or been operated on for “cancer” The preponderance of carcinoma of the 
uterus (ten cases) and of the stomach (seven cases) is very striking in the 
family history 

Family F ( Chart 2 ) — In this family the maternal grandmother died of tumor 
Her non cancerous brother had two children, both of whom died of “cancer ” Her 
only son died at 61 of dropsy He married a woman who had two brothers who 
died of cancer of the stomach She herself died of Bright’s disease at 75 Her 

Famiuv F 



mother died of heart disease The three daughters of this pair who show a 
double family history of susceptibility to cancer all had neoplasms, the oldest was 
operated on for tumor (“cancer”) of the uterus and is still living, the second 
was operated on at 51 for myosarcoma of uterus, while the third daughter died 
of cystic tumor of the ovary In this family history the preponderance of stomach 
and uterine neoplasms is also shown 

Family P (Chart 3) — The paternal grandfather had a nephew who died of 
cancer of the lip In the first filial generation there was one daughter who died 
at 35 of cancer of the lip and a son who died at 86 of cancer of the scalp and 
cervical lymph-nodes This son married a non-cancerous woman whosp only sister 

Family P 



Chart 3 


had died at 47 of cancer of the rectum From this union thirteen children, ten of 
whom (five brothers and five sisters) all died of pulmonary tuberculosis before 
the ao-e of 30, while three remaining daughters had carcinoma of the bieast, two 
dying*" at the ages of 36 and 42, and one operated on at 35 

Family S (Chart 4) — The paternal greatgrandfather died at about 70 of 
cancer of the stomach His only son died at about 60 of cancer of the stomach, 
having married a woman who died at about 50 of cancer of the breast Tliey had 
SIX children, all of whom died of cancer, two daughters died at 80 and 60 of cancer 
of the bieast, and another at 60 of multiple carcinoma of the breast, bladder and 
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rectum Two sons died of cancer of the stomach at the ages of 75 and 40, the 
third son dying of cancer of some internal organ, most probably the stomach 
Only one son had issue, by marriage with a normal line The only child died at 36 
of cancer of the uterus Of the eight descendants of the cancerous great-grand- 
father all died of cancer As in Family P , the occurrence of carcinoma in both 
paternal and maternal lines apparently strengthens the susceptibility, both families 
becoming extinct 

CANCEEOUS PEATEElfITIES 

These are of rtmch more frequent occurrence m the case-histories of 
carcmoma (Charts 5, 6, 7, 8, 9) than the striking family histones given 
above show The reasons for this are obvious Few individuals of the 
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general run of the American population know anything about their 
family history except for the immediate members By far the majority 
do not know the cause of death of their grandparents Twenty-nine 
cancerous fraternities are selected as representative of our case-histories 
Two generations only are represented in the majority, but in some of 
them three generations, and in one instance, foui’ generations are shown 
The normal members of the second and thud generations are also given, 
so that the proportion of cancerous to non-cancerous individuals m two 
generations is exact The majoriiy of the cancel ous fraternities occur in 
small families, and in many cases the patient fiom whom the material 
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examined came represented the end of the family line In several 
instances all the members of the small family are cancerous The charts 
explain themselves The most striking thing shown, aside from the 
susceptibility of the family group, is the great prominence of tuberculosis 
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Chart 7 


as the most commonly associated disease of the cancer stock The two 
susceptibilities seem to run together, at least, in so far as our family 
histones are concerned A tuberculous ancestry is not infrequently found 
in families wheie there is no family history of cancer back of the piesent 
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geneiation llText to tuberculosis the diseases most commonly associated 
with carcinoma are cardiac and renal disease 

It will he noted that the uterus, hreast, gastio-intestinal tract and 
mouth are the paits of the body most fiequently involved in the case of 
these family cancels Cancer of the lip and lodent ulcer of the face 
show also a tendency to family occurrence 

The study of a large numbei of eases of caieinoma yields isolated but 
striking examples of a maiked family occurrence through several genera- 
tions; and a much moie frequent family group oi '“^cancerous fraternity” 
occuTience Fiom such histones it is haidly possible to draw any other 
conclusion than that a definite cancel susceptibility exists in certain 
families The gieat fiequeney of the association of cancer with tubeicu- 



Chart 8 


losis might be taken as an evidence of a general weakened resistance on 
the part of the family lines, and this conclusion is suppoited by the 
extinction of many of these lines through a lessened fertility 

In the study of all of our neoplasm material a family susceptibility is 
occasionally shown in the case of angjoma, lymphangioma, fibroma, 
neurofibroma, lipoma, myofibroma of uterus, adenoma of breast and 
adenoma of thyroid, but extremely raiely in the case of sarcoma 

CONCLUSIONS 

1 A maiked susceptibility to carcinoma exists in the case of certain 
family generations and family groups 

3 This susceptibility is frequently associated with a marked suscepti- 
bility to tuberculosis, and also with reduced fertility “ 

3 The striking association of tuberculosis with cancer in certain families 
has also been noted by Kuthy and Williams, “The Natural History of Cancer,” 
p 371 
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3 The multiple occurrence of carcinoma in a family generation 
practically always means its occurrence in a preceding generation 

4 The family tendency is usually more marked when carcinoma 
occuis m both maternal and paternal lines 

5 Family susceptibility to carcinoma is shown particularly in the 
case of carcmoma of the mouth, lip, breast, stomach, mtestines and uterus 

6 In a family showing the occurrence of carcinoma in several gen- 
erations there is a decided tendency for the neoplasm to develop at an 
earlier age in the members of the youngest generations In this case the 
neoplasm often shows an mcreased malignancy 

7. Because of the difficulty of obtaining complete family records, the 
laws of mheritance of carcmoma susceptibility cannot be determined 
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Chart 9 

accurately, and it is highly desirable that investigations of large family 
records should be made relative to the occurrence of carcinoma suscepti- 
bility In Levinas study of cancerous fraternities in connection with the 
whole family history the percentage of cancerous members m each can- 
cerous fiaternity corresponds very closely to the Mendelian percentage 
of members with recessive unit-characters in a hybrid generation The 
same conclusion might be drawn from my cases in certam mstances, but 
it does not seem to me that the data are sufficient for such conclusions 
He himself does not consider this conclusion as final Levin also con- 
cludes that resistance to cancer is a dominant character whose absence 
creates a susceptibility to cancer While some of my cases show a family 
history suggesting this, others would indicate a progressive degenerative 
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mheritcnce — the nnmm^-oTit of a familv line thron^h the CTadnal 
deTeiopment of an inferior stock, particnlarlj as far as resistance to 
tubercnlosis and cancer is concerned 

Levin, as trell as TTiUiams.^ noted the family tendency to specific 
localization of the cancer, partienlarly of the ntems in the vromen, and of 
ihe gastro-intesnnal tract in the men This is weE shovrn m my family 
histories and in some of the cancerous fratermties. Levm concludes that 
the most important result of his mvestigation is the fact that it shows 
the presence of an inherited resistance to cancer growth I would put it 
m just the opposite way and say that my observations are important in 
that they show m certam famiEes an inherited susceptibility to cancer 
If the majority of the human race do not show this susceptibEity, resist- 
ance to cancer is a normal trait of the species. An increased susceptibility 
becomes, therefore, the abnormal character of importance, and our 
investigations should be earned along the line of attempting to determine 
just what Ees back of this susceptibEity 


3 Williams. The Natural History of Cancer, 1908, p 364 



A CLIMCAL STUDY OF VAGOTOUIA 
AHTHUE H HOPKINS, MD 

PHILADELPHIA 


In 1899 there appeared m the New Yoih Medical Journal three 
admirable aiticles by Meltzer,^ m ■which he deals with the function of 
inhibition He speaks of the entire life of the animal as being a deli- 
cately ad;)usted equilibrium between excitation and inhibition and cites 
instances in which the slightest deviation of the resultant in the nervous 
mechanism of an organ may lead to the most serious consequences 

A latei article^ by the same author deals with the relation of inliibi- 
tion to some forms of disease, and though it has paved the way for the 
more recent woik brought foith by Eppmger and Hess® in Vienna, onlv 
the latter work will be discussed here 

It IS my purpose to present a brief summary of their work together 
with a clinical analysis of a number of eases which I have studied during 
the last year At the present time, though I am by no means prepared 
to support all of their hypotheses, the results are of interest and worthy 
of further study 

Owing to the difficulty of accurate diagnosis of neuroses, these authors 
have made a clinical study of such conditions, basing their work chiefly 
on varying conditions of iriitability of the vagus and sympathetic nervous 
system Thev divide the nervous system into the animal and vegetative, 
the former being represented by all the fibers running to voluntary 
muscles and sense organs, the latter by fibers supplying smooth muscle 
organs, as intestines, vessels, ducts of glands, etc 

Eecognizing the difficulty in separating either anatomically or 
physiologically the fibeis running to these organs, they attempted and 
succeeded in making a pharmacological separation, demonstrating the 
specific action possessed by epinephrm in stimulating the sympathetic 
system and the selective action of the pilocarpiu group, i e , pilocarpm, 
atropm, physostigmin and muscarin, for the vagus and vagus extended, 
or so-called autonomic system The action of these drugs on the organs 


* Head before the Section on !RIedicine of the College of Physicians of Phila- 
delphia, February, 1913, and before the Germantown Branch of the Philadelphia 
County Medical Society, March, 1913 

* Submitted for publication July 21, 1913 

* From the William Pepper Laboratory of Clinical Medicine Under the 
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New York Med Jour , May 13, 20, 27, 1899, Kix, 661, 669 and 739 
Med Rec, June 7, 1902, Ixi, 881 

and Hess Sammlung klimscher Abhandlungen tiber Pathologic 
der Stoffwechsel und Ern ihrungsstorungen, 1910 
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involved is best demonstrated by Table 1 The accompanymg diagram 
illustrates +be autonomic and sympathetic systems anatomically 

Epineplirin being constantly secieted by the adrenals and general 
chromaffin system, must have a constant stimulating effect on the 
sympathetic system, and Eppiuger and Hess’ hold that it may be possible 
that a physiological analogue to epmephrin may exist for the autonomic 
nervous system The ceniral nervous system may be the general controller 
of the antagonistic systems and a disturbance of control, too much or too 
little iiritability, too much or too little nerve tonus of one antagonist 
may bring about a pathological condition On this ground they have 
attempted to clear up the so-called neuroses, studying clinically the 
irritability of the autonomic system, believmg that a fluctuation in tonus 
or irritability might give an explanation for clinical symptoms 

TABLE 1 — Action of Drugs 


Organs 

Pilocarpin 

Atropin 

Epmephrin 

Ins sphincter 

1 

Stimulates 

Paralyzes 


Dilator 



Stimulates 

Ciliary muscle 

Stimulates 

Paralyzes 


Salivary glands 

Stimulates 

Paralyzes 

Stimulates { ’ ) 

Sweat glands 

Stimulates 

Inhibits 

Inhibits 

Heart muscle 

Inhibits 

Stimulates 

Stimulates 

Vasomotor to head 


Contracts (?) 

Contracts 

Esophagus 

Excites 

Relaxes 

Relaxes 

Cardia 

Excites 

Paralyzes 

Paralyzes 

Stomach 




Tonus 

Increases 

Diminishes 


Peristalsis 

Increases 

Pai alyzes 

Paralyzes 

Secretion 

Increases 

Diminshes 

Diminishes (?) 

Pancreatic secretion 

Excites 

Inhibits 

Inhibits 

Bronchi 

Excites 

Inhibits 

Inhibits 

Gall Bladder 

Contracts 

Relaxes 

Relaxes 

Intestinal Musculature 

Excites 

Paralyzes 

Paralyzes 


High tonus in one system is accompanied by increased irritability in 
the other, and the antagonism must be also a pharmacodynamic one, 
individuals susceptible to epmephrin bemg only slightly susceptible to 
pilocarpin and vice versa The name "^vagotomher” they apply to those 
constitutions which show functional increased tonus and increased sus- 
ceptibility to pilocarpin, as well as an insusceptibility to sympathetic 
stimulation The entire system or but a single branch may be involved 
It finds its expression in latent increase of function and gives in this way 
to specific irritation a better point of attack than where no increase of 
tonus exists Such specific irritation may arise from noxa in the form 
of bacterial toxins, as during or after acute infections, drugs or the 
products of deranged metabolism, mechanical iiritation and so forth 
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symptojnis op ieeitable vagus in eelation to 

INDIVIDUAL OEGANS 

Eye — Ciliary muscle cramp, which is increased by pilocarpm and 
decreased by atropin, accommodation paialysis as observed after severe 
infection and finally stiabismus may all be explained by vagal irritability 
Sahvaiy Glands — Salivation due to autonomic irritability may occur 
in nervous people, in mqotomlcei s and tabetic crises 

Blari — Sweating is typical, and in ciises of many infections, when 
associated with a slow pulse, suggests increase in tonus of lieait vagus 
Cold hands and feet suggest stimulation of dilatois of peripheral vessels 
by the autonomic poison 



Diagi am of the anatomical i elations of the autonomic and sympathetic sj stems 
{Meyei and Gottlieb, Expenmentelle Phaimakologie, 1911, p 128 ) 


Heait — Bradycardia is common in ‘S'agotonikers,” especially in the 
young, and, owing to vagus irritation of toxic or mechanical origin, inav 
be observed in convalescence after acute infections, icterus, biain pies- 
sure and many heart poisons 

ISTervous block, as described by Hering,* is improved by atiopin, while 
some forms of angina pectoris may be attributed to vagal iiritabilit} 
causing narrowing of coronary vessels 

After digitalis the early appeaiance of bradycardia with gastro- 
intestinal disturbances is proof of special iiritability in autonomic aiea 
The combination of atropin with digitalis in such cases is held to be of 
great therapeutic value 


4 Quoted by Eppinger and Hess, see Note 3 
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Lung and BcspiraUon — Bioncliial asthma, which can be produced by 
penpheial nutation of vagus in animals, those authois asseit is a classical 
example Being due to a ciamp of bionchial musculatuie, the an in Bie 
lung alveoli is not piessed out, the autonomic stimulation leads to muscle 
cramp with inciease of secietion and fuithei hindrance to air going out 
Epmephnn cheeks secretion and atiopin tends to relieve the spasm 
Stiumpell speaks of nai lowing of the glottis in this condition, the 
lecuiient laiyngeal neive being i elated to the autonomic system 
Eespnatory aihythmia is common 

Stomach — The vagus influences the foim, peristalsis and secietion, 
and wheie theie exists a physiologically high tonus there may be a great 
mciease in gastiic juice and bypeiacidity without complaints Pyloio- 
spasm with inci eased acidity, spasmodic hourglass constiiction, caidiac 
and esophageal spasm, and Anally vomiting accompanied by ptyalism in 
the eaily stages of piegiiancy may all be due to an iriitablc vagus 

IniesUnc — Peristalsis is incieased There may be either diaiihea or 
constipation 

Blood-Piciui e — Bosmophilia occuis especially wheie the skin, lung 
01 intestinal element is piesent, and is inci cased aftci pilocaipin, often 
maikcdly 

Unne — Rich in pliospliatcs and oxalic acid, especially wheie there is 
high gastric acidity, may be slight dysuiia 

The so-called vagotonic disposition is desciibed by Eppingei and 
Hess as follows 

Often familial in typo, this condition is seen most often in young people of 
neivous tendencj’’ who aie subject to cold hands and feet, winch aie fieqnently 
bluish and mottled They have a tendency to swallow Avhen talking, to flush 
icadily and to sweat leadily, skin is moist, there is slight internal stiabismus, 
incieased powei of accommodation, loss of sensation of touch in tin oat and 
laiyn\ Pulse is natiii.illy slow Marked respiratoiy fluetuations aie present, 
due to iiiegulanty in conti action of diaphiagm Rellexcs incieased, dormo 
giaplnsm maiked The fust complaint may be of gastiic oi intestinal distui banco 

COMBINATION OF VAGOTONIA WITH OTHER DISEASES 

The presence of an irritable vagus, they say, may mateiially influence 
the symptoms in the following conditions 

Gastric ulcei oi caicinoma, cholangitis, gall-stones, cholecystitis, 
stone m the kidney tiact, tabetic crisis, hyperthyioidism, the menopause, 
pubeity and menstiuation, and skin conditions such as urticaiia 

The advantage of atiopin to combat anaphylaxis and the piobable 
upset nervous meehanism in eeitain cases of tuberculosis due to destiuc- 
tion of epmephnn in chiomatfln system aie at least suggestive of a 
disturbance of this type 
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INTERNAL SECRETIONS 

This question will not be dealt ivith beyond calling attention to the 
fact that epmepbrm in the blood has an influence on the internal secre- 
tions of the pancreas, which in turn controls production of sugar in the 
liver Wlien there is too much epinephiin m the blood the internal 
secretion from the pancreas is inhibited and the liver can produce sugar 
excessively 

In cases of vagotonia there is a marked increase in tolerance for grape 
sugar up to 200 or 300 gm , while in cases of sympathetic neurosis there 
IS a corresponding decrease in tolerance 

The test for vagotonia is as follows (Pleischmann) " Before the 
injection of pilocarpin the average pulse and respiratory rates are taken, 
the blood pressure estimated and smears made for a difierential blood- 
count Pilocaipm, ^ gram, is then given hypodermically and during 
the hour the general reaction is observed, as sweating, salivation, lacri- 
mation, increase in nasal secietion, fibrillation, flushing, chills and cold 
extremities The pulse and respiratory rates are taken every two oi 
three minutes, the blood-pressure estimated at longer mtervals and at 
the end of one hour more smears are made for a differential blood-count 

A strong general reaction accompanied by a marked increase in 
eosinophils m the blood, an mcrease in tolerance for grape-sugar up to 
200 or 300 grams, and a cardiorespiratory arhythmia may be interpreted 
as a positive result 

The following cases, having shown symptoms suggestive of an irritable 
autonomic system, were tested. Table 2 showing the results 

REPORT OF CASES 

Case 1 — ^Diagnosis cardiac extraaystole Arliythuna 

Capt R S , aged 46, presented liimself five years ago complaining of attacks 
of palpitation of the heart or “fluttenngs” with missed heart-heats Pulse in 
interval is slow and feet always cold Patient is constipated when he stops using 
tobacco, which he has used to excess During the attacks of fluttering which are 
brought on by slight exertion or mental excitement, he voids a large amount of 
urine 

Aside from the preceding symptoms he has no complaint Physical examina- 
tion and history are negative 

Case 2 — ^Diagnosis gastric neurosis 

K G E , female, aged 17, complains of regurgitation of food Three years ago, 
just preceding onset of menstruation, patient developed regurgitation of food a few 
minutes after each meal, lasting for about five minutes This continued for two 
years, when one year ago the attacks began to persist for about an hour at a time 
Patient has a tendency to colds, nasal congestion, and is troubled with much 
nasal secretion, occasionally vomits freely She has gaseous eructations toward 
end of regurgitations 

Examination shows tonsils laige, hands and feet always cold and clammy 
Roentgen ray shows curvature of spine to left from tenth dorsal to third lumbar 

5 The technic of this test is the one used by Dr P Eleischmann in the Second 
Medical Clinic of Krankenhaus Charitfi, Berlin, to whom I am indebted for it 
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C«8C8 9 iu\(l 10 showing ncgalivo loiiofciona mo tnbulalod us conLiols 
}■ In all cases cold ovlionutics followed tho pilocaipin, no sugax 
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vertebrae After bismuth an increasing incoordination of peristalsis ending in 
faintness and vomiting Fluoroscope showed on three examinations a fluttering 
at/ pylorus Response to treatment good 

Case 3 — ^Diagnosis angioneurotic edema 

Mrs B, aged 52, a brass-worker, smce 1904 has been subject to localized 
edema every three or four weeks without fail It is boggy, firm and does not pit 
on pressure, it gives a sense of pressure but no pain In 1907 menstruation 
ceased The attacks, which always occurred between the menstrual periods, 
have continued to date with almost the same regularity The edema is localized 
to arms and face, and sometimes spreads to upper part of chest and lasts from 
four to eight days Over thirty attacks have occurred in the Umversity Hospital, 
sixteen being accompanied by convulsions Urticarial eruptions frequently accom 
pany the swellings 

Fifty-two blood counts in 1908 showed an average eosinophilia of 60 per cent , 
while in 1909 there was an average of 59 per cent They show an increase during 
an attack with reduction during the intervals 
Case 4 — ^Diagnosis angioneurotic edema 

J L , schoolgirl, aged 14, last spring, two or three months before menstruation 
was established, first noticed localized swellings of upper eyelids and at times 
over brow The swellings, which are boggy, do not pit on pressure and give no 
pain, have varied in size, being aggravated by overexertion oi mental excitement, 
and decreased within twelve hours after patient has been in bed She has liad one 
urticarial wheal on foot In the past few months she has noticed that her feet 
and hands are usually cold and feet often wet with sweat, there has been an 
increasing nasal secretion and marked constipation 

Mother had similar swellings which were especially bad during the menopause, 
at childbirth and at times when under severe mental anxiety , she has an enlarged 
thyroid and is of pronounced nervous temperament 

The patient on examination shows slight enlargement of right lobe and isthmus 
of thyroid, extremities cold, pulse somewhat rapid, waves irregular at times, 
knee jerks increased, slight muffling of systolic sound at apex, otherwise no 
abnormalities detected 

Case 5 — ^Diagnosis fractured coccyx Enlarged thyi oid 
J K , female, occupation, housework, complains of nervousness and enlarged 
thyroid Patient has always had the swelling over the thyroid region unaccom- 
panied by any symptoms until nine months ago, when she had a severe fall, 
landing on buttocks Diagnosis of fractured coccyx was then made Since the 
fall there have developed general nervousness and mental depression For three 
weeks patient has daily periods of unconsciousness lasting from fifteen minutes to 
one half houi, preceded by chills Cold and sweating of extremities warned her 
of attack each time Patient never utters a cry and no convulsive movements 
have been noted in any seizure Attacks are apparently vasomotor in origin 
Three months ago patient had frequent attacks of vomiting Patient is 
constipated 

Mother has similar swelling in neck 

Examination shows ocular symptoms negative, both tonsils enlarged, adenoids 
and symmetrical swelling of thyroid which moves with larynx in swallowing, 
reflexes very prompt, alimentary glycosuria is negative 

Transferred to surgical service, section of coccyx removed and patient dis- 
charged free from all symptoms except the thyroid enlargement 
Case 6 — ^Diagnosis Basedow’s disease 

Mrs S 0 , aged 44, housewife, complains of swelling of neck, indigestion and 
palpitation of the heart She presents the cardinal symptoms of hyperthyroidism, 
the onset of which followed an attack of rheumatism five years ago She also 
complains of nausea, vomiting, eructations of gas and diarrhea 

Slmht exophthalmos, laggmg of upper bd and widening of palpebral angle 
are all present Thyroid is enlarged and firm Pulsation and palpable venous 
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thrill are present Heart soft systolic murmur at apex and both basal valve 
areas Kidneys palpable Ko alimentary glycosuria 

Section of thyroid at operation showed epithelial pi oliferation excessive 

Case 7 — ^Diagnosis bronchial asthma 

W D , aged 28, diug clerk, eight years ago, following an attack of influenza, 
developed wheezing respiration, dyspnea and cough He has had frequent lecur- 
rences since then, lasting from twenty-four hours to three months and typical 
of bronchial asthma During attacks he is intensely nervous, voids urine fre- 
quently and has hot and cold flushes, and epigastric pain He is greatly helped 
by epinephrin Overeating and excitement precipitate attacks Patient is con- 
stipated He has had nasal catairh with hypersection and sneezing for ten years, 
has had polyps and necrotic turbinate bone removed 

Patient given atropin and epinephrin to control attacks 

Case 8 — ^Diagnosis gastric neuioses 

R C , aged 18, single, farmer, briefly presented the folloiving condition Gaseous 
eructations, pulse-rate 60, cold extremities, gastric hyperacidity, constipation 

Examination shows dermographism, large tonsils, cold and mottled extremities, 
especially hands 

Of the few cases so far examined in which symptoms suggested the 
possibility of an increased tonus of the s 3 Tiipathetic system, hut one ga\ e 
a positive reaction 

This test, as carried out by Fleischmann, is as follows The day 
before the test 100 gm of dextrose are given on an empty stomach, and 
the first five hourly specimens of mine aie collected, mixed and polarized 
The foUovung day another 100 gm of dextrose are given, and one-half 
hour later 10 minims of epmephim (1 1,000) are in 3 ected hypo- 
dermatieally Just previous to this in 3 ect]on, blood-smears are made foi 
a difierential leukocyte count and the average pulse and respiratory rate 
and blood-pressure estimated After epinephrin the blood-piessure, pulse 
and respiratory rates are taken every two minutes, and the patient is 
observed for tremor and palpitation At the end of one hour more 
smeais are made for another diffeiential leukocyte count The urme is 
collected and polarized as after the first 100 gm of dextrose A positive 
reaction is obtained when there is a marked increase in lymphocytes at 
the end of one hour, a rise of at least 15 mg mercury in blood-pressure 
a deciease in sugar tolerance and the development of a tremor and some- 
times cardiac palpitation 

The patient above mentioned came to the hospital complaining of 
bilateral paralysis of wrists, a tremulous voice and localized sweating 
over abdomen He showed pigmentation of legs and peripheral olive- 
green staming of cornea, increased reflexes, some tremor and a reduction 
m sugar tolerance 

The results of his reaction are as follows Blood-pressure increased 
from systolic 120 to systolic 140, lymphoc 5 des from 28 per cent to 43 
per cent , 9 1 gm of sugar weie recovered, as contrasted with a trace 
before injection of epinephrin A markedly mcreased tremor of hands 
was noted, but no palpitation 
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The presentation of the results of the cases, which includes less than 
half of the series studied, is made with the view of approaching a little 
nearei to an accurate diagnosis of those diseases so frequently filed away 
in the records of even the liest-regulated hospitals, as neurasthenia, 
gastric neurosis, etc 

It must be admitted that hypotheses are abundant, and as has been 
said, I have not been able to support all of them by the analyses of these 
few cases , certain of them aie, however, confirmed, and this newer method 
of approaching a clear-cut diagnosis is not only of interest, but is worthy, 
I believe, of still further investigation and development 

Smce stalling this work my attention has been attracted to the study 
of a series ot cases presented by Barker® in 1912, to an article by NeuhoF 
in the same j^ear in which he discusses refiex vagus phenomena, but does 
not deal with the question of drUg reactions, and to Abrams’® text-book 
on spondylotherapy 

In conclusion I uisli to c's.tend my thanks to Dr Stengel for the opportunity 
of studying the cases, nearly all of which were on his service in the University 
Hospital, and to Dr H B Wilmer for ease 4 

6 Barker and Sladen Tr Assn Amer, Phys, 1912, xxvii, 471 

7 Neuhof Am Jour Med Sc , May, 1912, cxliii, 724 

8 Abrams Spondylotherapy, 1912 



EXPEEIEE'CES WITH PEOPHYLACTIC TYPHOID 

YACCIHATION 

ITS EFFECT ON MENSTEUATION 
ALBERT R LAMB, MD 

KEW YORK 

Prophylactic typhoid vaccination has won for itself a well-deserved 
place among the great preventive measuies in medicine This advance 
has been accompanied by a considerable literature on the history of the 
procedure, the various methods employed and the results obtained It 
IS not the object of tins article to review the literature The facts are 
easily accessible,^ and, in general, well known 

During the past two years the vaccine has been used prophylactically 
at the Presbyterian Hospital, New York^ and it is the purpose of the 
present communication in reportmg the results of this experience, to 
emphasize the facts which have seemed most important and to point out 
in some detail the especial eSect of the vaccine on menstruation 

PREVIOUS CONDITIONS 

stimulated hy the excellent results obtained by this procedure in the 
United States Army and by Richardson and Spooner in the training 
schools of Massachusetts, the medical board of the Presbyterian Hospital, 
New York, decided, in the spring of 1911, to offer this opportunity of 
immunization against typhoid to the nurses and attendants at the hos- 
pital Before starting the moculations, the hospital records were reviewed 
m Older to ascertain the incidence of the disease among those brought into 
intimate contact with typhoid patients or the cultures of typhoid bacilli 
Beginning with the year 1892, the date of the foundation of the training 
school for nurses, a period of twenty years was covered, during which 

* Submitted for publication, Aug 2, 1913 

^ From the Pathological Laboratory, Presbyterian Hospital, Columbia Uni- 
versity, New York 

1 The following articles give the main facts of interest and contain references 
to most of the other important papers 

Russell, F F The Military Surgeon, 19(T9 , Boston Med and Surg Jour , 
1911, clxiv, 1, Jour Am Med Assn, 1912, Iviii, 1331, 1912, lix, 1362, 
1913, K, 344, 1913, Ixi, 666, Harvey Lecture, New York, 1913 
Spooner, L H Boston Med and Surg Jour, 1910, clxii, 37, Jour Am Med 
Assn, 1912, lix, 1359 

Davis, D J Jour Am Med Assn , 1912, Iviii, 537 
Hachtel and Stoner Jour Am Med Assn , 1912, lix, 1364 
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fifty-two cases of typhoid fever m nurses, doctors, orderlies and bac^ 
teriologists were treated in the hospital Only those eases were included 
which gave a direct history of contact with typhoid patients or cultures 
This gave 3 6 as an average yearly percentage of cases in which typhoid 
was possibly preventable There weie four deaths, a mortality of 7 69 
per cent 

The eases were divided as follows nurses, 39, orderlies, 6, bacteri- 
ologists, 4, doctors, 3 

Of the thirty-nine nurses, nineteen, or about one-half, were in training 
or on doty in the hospital at the time of contracting the disease The 
remaining twenty were carmg for typhoid patients when taken ill There 
were no deaths among the nurses who developed the disease while in the 
hospital, but of those who contracted the disease outside, two died Both 
were giaduates of the hospital All six orderlies were employed at the 
hospital m wards in which the care of typhoid patients was necessitated, 
and there were two deaths The four bacteriologists developed the 
disease while working with typhoid cultures Only one was on duty at 
the hospital at the time of contractmg the disease The others came 
from other laboratories There were no deaths Of the doctors, two 
were interns at the hospital and one was a substitute There were no 
deaths 

The occurrence of the fifty-two cases by years was as follows 


1892 1 

1893 0 

1894 0 

1895 1 

1896 2 

1897 0 

1898^ 11 

1899 1 

1900 4 

1901 4 


^ Spanish War 


1902 1 

1903 3 

1904 4 

1905 5 

1906 3 

1907 6 

1908 1 

1909 0 

1910 3 

1911 2 


It Will be seen that in four sepaiate years, 1893, 1894, 1897 and 1909, 
there weie no cases, and that for one period of two years there was also 
a clean record, facts which must be borne in mind in estimating the value 
of the results obtained through the use of the vaccine over a compara- 
tively short peiiod of time In 1898, the year of the Spanish War, there 
were eleven cases At that time additional wards were opened for the 
care of typhoid patients and the hospital staS was greatly overworked 
Several of the nurses treated at this time came from the army camps 
The conditions described do not differ essentially from those repoited 
by observers in other localities Thus Spooner," at the Massachusetts 
General Hospital in Boston, found that there were three or four cases of 


2 Spooner Am Jour Pub Hyg, 1909, xis, 616 
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typhoid a year among the muses and those especially exposed He 
found, moreover, that in these patients the disease ran a course of more 
than usual severity with a greater number of complications and a higher 
mortality than the average I did not find this true in our statistics 
The mortality was less than that for the hospital in general and the 
cases were not unusually severe, nor did they show more complications 
than the average 

Davis" gives no definite figures for St Luke’s Hospital, Chicago, but 
states that "an occasional nurse has had typhoid ” 

Joslin and Ovei lander^ investigated the conditions in six hospitals 
in Massachusetts for the years 1902 to 1906 and came to the conclusion 
that one nurse came down with typhoid for each 114 cases treated, and 
that "the hospital nurse in Massachusetts is about eight times as liable 
to contract tjrphoid fever as the ordinary citizen ” 

Hachtel and Stoner® give higher figures for Baltimore They find 
that the nurses and attendants are from twelve to twenty times more 
liable to contract the disease than the ordinary citizen of Baltimore 

One does not need to cite further specific instances While differing 
somewhat in the actual figures, all observers are agieed on the mam fact, 
that nurses, doctors and hospital attendants run a considerably greater 
risk of contracting typhoid than the ordinary citizen, and that in spite 
of due precautions, a certain number of them contract the disease each 
year, the source of infection being the typhoid patient or articles which 
have come in contact with typhoid cases 

VACCINE 

The vaccine used is prepared from an old culture of attenuated 
virulence, isolated about twelve years ago The organisms are grown on 
large agar-slants (agar slanted in 250 e c Erlenmeyer flasks is verj 
convenient) for twenty-four hours, washed off with steiile salt solution 
and heated at a temperature of 53 C (127' 4 F ) for one hour The 
vaccine is standardized with the ordinary blood-countmg apparatus 
After sterility is assured, the vaccine is made up to the required dilution 
with steiile salt solution containing 0 25 per cent phenol (carbolic acid) 
It IS put up in small ampules, each containing enough for one dose, and 
in 30 c c vaccine bottles for use where larger numbers are to be 
vaccinated 

The vaccine was carefully compared with that used m the Hnited 
States Army, a supply of which was very kindly sent to the hospital by 
Ma^or Eussell In a large number of inoculations no difference could 

3 Davis Jour Am Med Assn , 1912, Iviii, 537 

4 Joslin and Overlander Boston Med and Sudg Jour , 1907, clvii, 247 

5 HacMel and Stoner Jour Am Med Assn , 1912, lix, 1367 
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be detected m the local or general reactions or in the Widal reactions 
Therefore, it would appear that the hospital vaccine represents approxi- 
mately the same potency and lack of toxicity as that used in the army 
The vaccme should be fresh and in general should not be used aftei it 
IS 3 months old, as it has been shown that deterioration begins at about 
this time 

DOSAGE 

The usual dosage recommended is that employed in the United States 
Army It consists of three inoculations at ten-day intervals the first of 
500 million, the second and third of one billion each This method has 
been well tried and it has been conclusively shown that it confers a 
sufficient immunity for a period of at least three years Conditions there, 
however, difier somewhat from those among nurses and in private practice 
where a reaction which would not trouble a man in the regular army is 
considered quite an event The same dosage as previously noted was 
given in a considerable number of the cases in this series, and there were 
enough troublesome reactions to make one consider a variation of the 
dose Of course, one’s aim in givmg the vaccine is to protect the patient 
against typhoid and not to avoid reactions, but, if one can produce the 
desired immumtv with the smallest amount of discomfort, the cause of 
typhoid prophylaxis has been aided just so much The aim, then, should 
be to inject the maximum number of bacilli with the minimum amount 
of discomfort and inconvenience to the patient 

One class of nurses received the four doses, recommended by Spooner,® 
of 100 million, 200 million, 400 million and 600 million at five-day 
intervals These cases had fewer and less troublesome reactions than the 
others, but they received only about one-half the total number of bacilli 
given by the army method By considering certam general factors to 
be mentioned presently, one can considerably increase this total without 
a corresponding increase in the reactions It is generally quite safe to 
make the mitial dose 200 million and then, being governed by the 
reactions which occur, one can very often make the second dose 300 to 
400 million, the third 500 to 600 million and the fourth 800 million to 
one billion In this way one can more nearly approximate the army total 
dosage without as many disagreeable reactions 

Some people prefer to take their chances on the possibility of having 
a reaction rather than submit to the mconvenience of a fourth injection, 
and in vaccinating large numbers, the extra inoculation means con- 
siderable added expenditure of tune, especially among women in whom 
the avoidance of the menstrual period causes many delays and much 
stiaggling out of the moculations Therefore, it has been the more 
lecent routine to use three graduated doses at from seven-day to ten-day 


C Spooner Jour Am Med Assn , 1912, lix, 1359 



ALBERT R LAMB 


569 


Intel vals, the first of 300 million, the second of 700 million and the third 
of one billion Here, as in the preceding case, one can be governed by 
the patient’s general condition and can often withont fear of nndue 
disturbance, make the first dose 350 to 400 million and the second 800 
million 

Of course, it is impossible to predict accurately what reaction a person 
will have, but one can be governed by certain general facts In the fiist 
place, women are more apt to have reactions than men This fact is 
brought out in the statistics of Hachtel and Stoner,'^ and was shown in 
the fiist twenty-thiee cases of this series, of whom twelve were doctors 
and eleven were nuises The mild and moderate reactions were about 
twice as frequent among the latter as among the former Members of 
families in which theie is, apparently, a marked susceptibility to typhoid 
or in which the disease has run a severe course, are apt to show moie 
maiked reactions In one family which I vaccinated, both of these facts 
were true, and of the five members, all showed varying degrees of 
reaction after all of the inoculations except a boy, aged 11 In one there 
was the most severe local reaction which I have seen, combined with a 
model ately severe general reaction and in another, the general reaction 
after the first two doses was sufficient to discourage a third inoculation 
Persons who have a low resistance to any form of infection are apt to 
have troublesome leactions and the same is true of those who are run 
down or debilitated from any cause Those suffering from any chronic 
disease, should, if vaccinated at all, receive the four smaller doses 
Naturally, the piecedmg statements are only general principles of guid- 
ance One will encounter perfectly robust individuals who come in none 
of the foregoing classes, who, nevertheless, show severe reactions, while, 
on the othei hand, any of the types mentioned may show no reaction 
whatevei From my experience up to the present time, I believe that 
it IS best to give to the persons of the types mentioned, the four doses 
at seven-day intervals, beginning with 200 million and increasing each 
succeeding dose as fai as feasible For all others, I prefer the three 
graduated doses, using the upper limits lor each dose if possible From 
a lathci limited experience with children I have seen no reason for 
graduating the dosage according to body weight As a rule, they stand 
the inoculations with less inconvenience than adults and I have seen no 
troublesome reactions following full-sized doses 

With many people, especially busmess men, a seven-day interval is 
preferable to one of ten days The inoculations can thus be given on 
successive Saturdays, allowing them until Monday to recuperate from 
any ill eSeets It is best where possible to give the infections in the 

7 Haclitel and Stoner Jour Am Med Assn , 1912, hx, 1367 
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late afternoon or early evening so that the maximum reaction may take 
place while the patients are asleep 

PEECAUTIONS 

From my experience it has been apparent that whatever the site 
chosen for inoculation the patient is inclined to wish that the vaccine had 
been injected elsewhere It has been found more convenient and per- 
fectly satisfactory to make the inoculation in the left upper arm, just 
above the insertion of the deltoid, using the right arm in left-handed 
people The vaccine is injected into the subcutaneous tissue, care being 
taken to avoid enteiing a vein, as in such cases the general reaction is 
usually more rapid in its appeal ance and more severe, and the local 
reaction more troublesome In cleaning the arm, lodin and alcohol have 
been found peifectly satisfaetorv After withdrawing the needle, the 
site of inoculation is touched with lodm and no dressing of any kind is 
applied, as it has been found that collodion, bandages or gauze with 
adhesive strips simply add to the local annoyance In exceptional cases, 
if the local reaction is modeiately severe, a dressing of aluminum acetate 
has been used with good results 

In prophylactic work, one must remember that patients are not 
inclined to be particularly giateful for any reactions which the vaccine 
may cause and it is only human nature for them to attribute to the 
vaccine every ill foi months following As the value of typhoid vaccine 
IS so great and the need foi its uniiersal adoption so striking, it is of the 
utmost importance to obseive every precaution to prevent its falling 
into disiepute in any case A careful histoiy should be taken in each case 
and a sufficiently exact examination made to be sure that the patient is 
in sound health, for it is quite within the range of possibilities that a 
pel son might be inoculated in the early stages of some disease, and it 
would then be difficult to convince the patient or his friends that the 
disease was not diiectly caused by the vaccine In the present woik such 
incidents weie encountered One nurse developed a typical ease of seailet 
fevei two days after the second inoculation, and foi the first day or two 
even the doctor who saw her considered that she was suffering from a 
rather severe vaccine reaction with an associated rash From the sub- 
sequent course of the case, there was no doubt as to the nature of the 
disease In such an instance in private piactiee, it would be exceedingly 
difficult to convince the family that there was no association between the 
vaccine and the scarlet fever In another case, a man had an attack of 
bronchopneumonia which began ten days after the third injection At 
the onset he believed that Ins illness was m some way associated with the 
vaccine, though in this case the disease followed a very definite exposure 
to cold Other cases of association of various diseases with the vaccine 
will be given later 
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It IS well recognized that the vaccine may cause a temporary change 
for the worse in an existing chronic condition For example, Spooner® 
has encountered temporary and not serious exacerbations in chronic 
arthiitis, chronic cholecystitis, subacute urethritis, furunculosis and acne 
I have seen similar instances and will mention them later Other 
observers have noted the same thing While the exacerbations are not 
apt to be serious, their possibility should be recognized and all chronic 
conditions should be asked for in the histoiy, as in each case one can 
then decide whether or not it is wise to give the vaccine I do not believe 
that it should be giren in cases in which there is a histoiy of tuberculosis, 
but if, in spite of the existence of some chronic condition, it is decided 
to go ahead with the vaccine, the patient should be fully acquainted with 
the possibilities and the vaccination procedure should be followed cau- 
tiously and the four smaller doses administered 

Another question which arises is that of vaccination where there is a 
history of a preceding attack of typhoid fevei It has been found that 
the reactions in such cases are apt to be rather strikingly severe In the 
only case of the kind in which I have used vaccination, that of a young 
man, there was a moderately seiere reaction for a day and a half after 
the first dose followed immediately by a severe attack of tonsillitis and 
in ten days by a profuse urticarial rash As the disease itself confers a 
life immunity m almost all cases, and as vaccination in such cases is apt 
to be followed by bad reactions, I have since refused to inoculate patients 
who give a history of a previous attack of typhoid At times this preced- 
ing history is not definite and in such cases one must exercise one^s own 
judgment Where there is a reasonable doubt, I believe one should 
proceed with the vaccination, using the four smaller doses rather 
cautiously 

In addition to the above pi ecaiitions, one should explain the effects 
of the vaccination to patients and tell them just what they may expect 
in the way of local and general reactions Patients should be warned to 
remain quietly at home while the reaction is present The most severe 
reaction seen in the present cases seemed to have been increased by the 
patient's going about as usual on the day following the first inoculation, 
when the tempeiatiire was 101 The next day the temperature rose to 
102 6, and in connection there was a splitting headache and slight epis- 
taxis, while on the following day the temperature reached 100, with the 
accompaniment of nausea and rather severe diarrhea Patients should 
also be warned against taking alcohol in any form until all signs of 
reaction have disappeared, for not infrequently alcohol has apparanetly 
added considerably to the severity of the reaction In this connection, 
a curious fact was noted in three of these cases Two patients on the 

8 Spooner Jour Am Med Assn , 1912, lix, 1360 



572 


TEE ARCHIVES OF INTERNAL MEDICINE 


night following inoculation and one on the second night after, when 
there was no general reaction and their arms had ceased troubling them, 
took cocktails just before dinner Almost immediately afterward then 
arms, at the site of the inoculation, began to pain so severely that they 
could not remain at the table 


RESULTS 

The inoculations weie started in May, 1911 The course of procedure 
was carefully explained and eleven nurses and twelve doctors volunteered 
for the preliminaiy vaccinations In these twenty-three cases, only two 
inoculations were given, the first of 400 million and the second, after an 
interval of ten days, of 650 million In seventeen of these cases, micro- 
scopic Widals weie done ten days after the first injections, the Widals 
prior to the vaccination having been negative in all cases at 1 20 In 
five tlie Widal was negative in a dilution of 1 20, in twelve it was positive 
and in two it was positive at 1 100 The results of the Widal test fol- 
lowing the second inoculation may be seen m Table 1 


TABLE 1 — Rksults of Wioal Test in Twenty-Two Cases* 


Dilution 

Reaction 

Numher 

Percentage 

1-20 

Negative 

3 

13 63 

1-20 

Positive 

19 

86 36 

1-100 

Positive 

12 

64 54 

1-200 

Positive 

6 

27 27 

1-400 

Positive 

6 

27 27 

1-1600 

Positive 

1 

4 64 


* Tests made ten to fourteen days after second inoculation 


After these preliminary inoculations, the work was taken up as a 
routine with each succeeding class in the training-school (Table 2) 
During the first few months the members of a new class are not on ward 
duty, and as some leave the school and others enter, the vacemations are 
not started until the nurses have been here for several months Then the 
class is called together, the vaccination and its importance explained 
and the vaccine oSered to those who desire it Yaecination is still 
entirely voluntary in the training-school 

The following table shows the percentage of each class vaccinated 


Class of 

1911 

1912 

1913 

1914 

1915 

Totals 


TABLE 2 — ^Pebcentage of Vaccinations of Nueses 


In class 

Number eligible 

Vaccinated 

29 

26 

16 

33 

31 

22 

38 

32 

27 

13 

11 

11 

30 

25 

23 

143 

125 

99 


Percentage 
61 5 
70 9 
84 3 
100 
92 


79 2 


This table shows that as the work became better known and appre- 
ciated, a larger number of the nurses wished the vaccination Thus in 
the last two classes, 94 4 per cent of those eligible for the vaccination 

have taken it 
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Since May, 1911, 143 nurses have been m training Of these, 99 
were vaccinated, 26 refused , m 3 it was considered inadvisable on account 
of some form of chronic illness, 14 had recovered from typhoid and one 
had been inoculated with the vaccine before entering the school Thus, 
79 2 per cent of the eligible nurses were vaccinated and 20 8 per cent 
remained unprotected, including the three who wished the vaccine, but 
whose health did not warrant its use 

In addition, during the same period, May, 1911, to June, 1913, 33 
doctors and medical students connected with the hospital, 7 employees 
in the pathologic department, where the vaccine is compulsory, and 64 
outside cases have been vaccinated, makmg a total of 203 cases, and in 
this period there have been no cases of typhoid fever either in the 
training-school or among those vaccinated There have been no untoward 
effects from the vaccine and no instances of arm infection. 

LOCAL AND GENEEAL EEACTIONS 

Local and General — The local reactions were similar in all respects 
to those usuallv observed 

The general reactions are shown in Table 3 In classifying these 
reactions, the temperature is taken as the general index as in army 
cases, but some reactions are put down as mild or moderate where the 
constitutional disturbances were sufficient to warrant it even though the 
temperature remained low It was noted that some of the nurses showed 
subnormal temperatures following the inoculations, which was often 
associated with such constitutional disturbances as dizziness, nausea and 
vomiting 

TABLE 3 — Pebcentage of Genebau Keacxions 


Reaction 

First Dose 

203 Cases 

Second Dose 
200 Cases 

Third Dose 
169 Cases 

Fourth Dose 
27 Cases 


No 

Per cent 

No 

Per cent 

No 

Per cent | 

No 

Per cent 

None 

96 

47 6 

111 

55 6 ' 

140 

82 8 

24 

88 8 

Mild 

88 

43 3 

71 

35 6 

19 

11 2 

3 

11 1 

Moderate 

18 

89 : 

18 

9 

11 

65 1 

0 


Severe 

1 

0 49 1 

0 


0 

! 

0 



It will be noted that of these cases, 184, or 90 6 per cent , showed 
either no reaction oi a mild one after the first dose, 182, or 91 per cent , 
after the second, 159, or 941 per cent, after the third, and 27, or 100 
per cent, after the fourth The symptoms complained of in the ordei 
of frequency were malaise, headache, general aching, nausea, dizziness, 
anorexia, vomiting, diarrhea, epistaxis, faintness 

One hundred and ninety reported at the end of six months that they 
were perfectly well, three had suffered from fatigue for two or three 
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uioutliSj but ]iad recoveiGclj cind two thought that then health was still 
impaired by the vaccine 

WIDAL REACTIONS 

The results of the microscopic Widal in fifteen consecutive cases 
tested ten days aftei third inoculation;, may be seen m Table 4 


TABLE 4 — ^Eesults of Widal Test in Fifteen Cases* 

Positive Reactions 


Dilution 

No 

Pei cent 

1 20 

15 

100 

1 100 

15 

100 

1-200 

11 

73 3 

1-400 

9 

60 

1-800 

5 

33 3 

1 1600 

3 

20 

1-2000 

2 

13 3 

1-12000 

1 

66 


* Test made ten daj's after thud inoculation 


The Widal reaction has been so definitely worked out by so many 
obseiveis that it is now used here only in exceptional eases and to eontiol 
new vaccine 

MENSTRUATION 

Aftei the first few inoculations the very definite impression was 
gained that menstruation was apt to be affected by the vaccine Con- 
sequently, careful lecords of this particular phase of the work weie kept 
in ordei to determine tlie amount of the disturbance A comparison of 
the army vaccine with that used in the hospital showed no difference in 
then liability to cause menstrual irregulaiities Other woikers have 
briefly noted that these irregularities occui, so that one is justified in 
concluding that the effects are not due to the peculiarities of any one 
particular vaccine A correct judgment of the part played by tj'phoid 
vaccine in menstrual disturbances is difficult and any statistics are open 
to several sources of error 

In the first place it is well known that nurses aie apt to have men- 
strual irregularities during the first few months of training, which are 
due to change of environment and method of living In this work, the 
vaccinations were not started until the muses had been in the hospital 
for fiom three to six months, and these nurses did not show any more 
frequent or more marked changes than did the nuises who had been in 
training for from one to three vears Again, some women are always 
more or less irregular Wliere there was such a history, any disturbances 
during the course of the inoculations, unless of striking eharactei, weie 
not considered, and the case was put down as unaffected In some, 
temporary causes othei than the vaccine may have been the causal 
factors It IS difficult to eliminate such causes and they introduce a 
certain unavoidable souice of error 
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In compiling the lecords of the one bundled cases in which men- 
stiuation was studied, only those ca'^es are put aown as affeeted in which 
the evidence of disturbance by the vaceine seemed to me quite definite, 
after ruling out all other apparent causes and where the patients them- 
selves felt that the condition was distinctly unusual for them 

Perhaps one can gather the best idea of the nature of the distuibances 
and their close association with the vaccine by a brief description of some 
of the more striking cases 

EEPOET OF CASES 

Case 1 — ^Vaccination finished early in June The two following peiiods weie 
missed In August appendi-v uas removed and mensti nation did not occui again 
until Decemhei It has been noimal since then 

Case 2 — For three periods following the vaccination was about three weeks 
late each time Then normal 

Case 3 — Missed period following vaccination and then a condition of scanty 
flow a week or more late existed for three months 

Case 4 — ^INIenstruated every two to three iveeks for three months following 
the vaccination 

Case 5 — Aftei the third inoculation came on two weeks ahead of time and 
caused moie discomfort tlian evei before 

Case 6 — ^Vaccinated the day after menses had ceased Menses returned again 
that night 

Case 7 — During the course of vaccination menses came on one week ahead of 
time, causing patient to go to bed 

Case 8 — Twelve days early Moi e profnse and of longer duration 
Case 9 — Aftei first inoculation menses ten days early, moie painful and 
scantier 

Case 10 — After tliiid inoculation menses ten days early, more painful and 
scantier 

Case 11 — ^Never quite regular Much -worse aftei vaccination Skipped two 
months entirely and later menstruation was more painful 

Case 12 — Five days late aftei the second inoculation One week early after 
the third 

Case 13 — Skipped two periods Next time in three weeks Then in less than 
three weeks 

Case 14 — Skipped three periods 

Thus 111 fourteen cases there were very distinct changes, due, in all 
probability, to the effect of the vaccine itself 

A complete tabulation of all the cases shows that a little more than 
one-half, 53 per cent, showed some type of menstrual disturbance, 
distinct though at times quite trivial, while 47 per cent were unaffected 
The types of disturbance may be seen in the following table, more than 
one type occasionally appearing in the same mdividual 


Menstruation early for one or more periods 25 

Menstruation more painful for one or more periods 18 

Menstruation late for one or more periods 15 

Menstruation more profuse for one or more periods 10 

^Menstruation skipped for one or more periods 7 

Menstruation scantier for one or more periods 6 
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It should also be noted that where these irregularities occur the 
patients are more apt to have associated with them a more troublesome 
general reaction. 

The number of cases which show some change is rather striking, even 
allowing for unavoidable errors If one merely considers the fourteen 
very definite instances cited, the percentage is high enough to show that 
a very striking relationship exists between the vaccine and menstrual dis- 
turbances, a fact which is of interest m view of the similar disturbances 
seen m typhoid fever All of the eases included above were followed 
for at least six months In none was there any disturbance at the end 
of this time Therefore, it would appear that the changes are of only 
temporary significance and that they carry with them no lasting ill 
effects 

In this connection, one must consider the possible consequences of 
vaccination during pregnancy I have a record of only one such case 
In this instance, the woman’s husband was ill with typhoid and much 
of his care fell on her Consequently, in spite of her pregnancy, vaccina- 
tion was carried out She did not develop typhoid, nor did she have any 
ill effects from the vaccine The menstrual disturbances have impressed 
me sufficiently, however, to make me conservative about vaccmatmg 
pregnant women At the present tune, I would not vacemate under such 
circumstances, except under some special indication, such as that shown 
in the preceding case 

Eecognizmg that menstrual disturbances do occur, one naturally 
turns to the question of reducing them to a mmimum I believe that 
barring some special indication for haste, the vaccination of women 
should be so arranged that the first inoculation will come a few days 
after a period The second and third injections can then be given at 
seven-day intervals, leaving about a week’s leeway before the succeedmg 
period If, for any reason, ten-day intervals are necessary, it is best to 
postpone the third inoculation until a few days after the second period 
By giving the vaccine in this way, menstrual difficulties are reduced, 
though not entirely eliminated 

ASSOCIATION WITH OTHEB DISEASES 

It has already been mentioned that numerous mstances of aggiavation 
of existmg chronic conditions are on record It is, therefore, of inteiest 
m a series of cases like the present, where most of the cases can be 
followed, to note the relation of the vaccine to the development of various 
diseases 

Diseases of the Respiratory Tract —Thirteen patients developed 
symptoms of some such affection durmg the course of the vaccinations, 
or so soon afterwards that they attributed them to the vaccine Five 
patients developed coryza beginnmg within one or two days after an 
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infection, and m one case the cold lasted for six weeks There were five 
cases in which tonsillitis began within one or two days after an inocula- 
tion In one case bronchitis developed dm mg the course of the vac- 
cination, and the disease lasted for two months One patient, already 
referred to, contracted bronchopneumonia ten days after the third 
injection In this case there was definite exposure to cold 

Probably many of these cases were merely coincidences, though one 
receives the very definite impression that in some cases, at least, the 
patient’s resistance is sufficiently lowered to favor the chances of such 
infections 

Appendicvtis — This condition was noted in five cases In only one, 
however, was the association sufficiently close to justify suspicion of the 
vaccine as an accessory cause. In this case, there were moderately severe 
reactions associated with nausea, vomiting and diarrhea, after all three 
doses Very soon after the third dose the patient began to have pain in 
the region of the appendix, which in the course of a short time neces- 
sitated an operation 

Tuheiculosis — Three patients m the present series have developed 
pulmonary tuberculosis since receiving the vaccine In no case was there 
any previous history of the disease, and in none was the relation between 
the vaccine and the disease sufficiently close to be suggestive 

Tacliycaidta — In one case there was a history of mild attacks of 
tachycardia. The patient had two such attacks on the eleventh and 
twelfth days following the second inoculation, and a third attack within 
five houis aftei the third injection In another case, that of a man who 
normally had a very slow pulse, the rate doubled within a few hours 
after receiving the first dose In a third case with a history of attacks 
of rapid heart action and arhythmia, there was no effect from the vaccine 
Fw uncles — In one instance a patient began to suffer from furuncles 
about two weeks after the thud injection 

Scarlet Fever — The development of a case of scarlet fever during the 
couise of the injections has already been mentioned 

Scabies — One patient was suffering from a rather extensive case of 
scabies, when he presented himself foi the vaccination He was warned 
that the vaccine might cause an aggiavation of the skin condition, but 
he desired the vaccine in spite of this possibility Much to our surprise, 
without any treatment for the skin affection, it almost completely dis- 
appeared during the course of the inoculations, but reappeared a little 
later. 



HEXAMBTHYLETsTAMIN THE LIBEEATIOH OE EOKMAL- 
DEHYD AND THE ANTISEPTIC EEEICIENCY 
HNDEE DIFFEEENT CHEMICAL AND 
BIOLOGICAL CONDITIONS ' 

PAUL J HANZLIK, MD, and R J COLLINS, AB 

CLEVELAND 

Ever since the recognition of liexamethylenamm as a beneficial 
therapeutic agent in vesical conditions by Nicolaier’- in 1894, the nse of 
this drug has steadily increased It has been lecomniended as an anti- 
septic agent foi practically all of the body fluids, laigely on the basis of 
the fact that after internal administration it has been found piesent 
everywheie in the body Althougli it has been quite generally recognized 
that liexamethylenamm is piactically non-toxic, the criteria for its action 
as an antiseptic have only comparatively lecently begun to be appreciated 
Its decomposition into ammonia and formaldehyd is well known, and it 
IS generally believed by pharmacologists that the bactericidal propeities 
of liexamethylenamm are due to the libeiated formaldehyd Howevei, 
theie has been no absolute pioof that free liexamethylenamm may not 
prevent bacterial growth Indeed, it is maintained by some clinicians 
that liexamethylenamm is bactericidal and that the presence of free 
formaldehyd is not necessary when it is to be used as an antiseptic 

The conditions undei which formaldehyd may be libeiated from 
hexamethylenamm have been ascertained largely fiom expeiiments %n 
vitro Some of the factois aie changes m temperature, time allowed for 
the decomposition to take place, and leaction of the solution The last 
IS, undoubtedly, the most impoitant factor In general, acids are known 
to facilitate its decomposition, while alkalies pi event it There has been 
no thoiough study of the influence of these factois undei conditions 
simulating those of the body, and especially m the living organism 
This IS especially necessary in the light of the modern conceptions of the 
true reactions of the vaiious body fluids, according to Soiensen, L J 
Henderson and otheis Tests foi the appearance of liexamethylenamm 
and foimaldehyd in mine and other body fluids have been quite 

^ Prom the Pharmacological Laboratory, Medical School of Western Reserve 
University 

* Submitted for publication August 15, 1913 

* The expenses of this research were defrayed in part by a grant fi om the 
Committee on Therapeutic Research, Council on Pharmacy and Chemistiy, 
Ameiican Medical Association 

1 Nicolaier, A Deutsch med Wclinsclir, 1895, No 34, p 541, Centralbl 
f d med Wissensch , 1894, xxxii, 897 
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extensively employed, but often with confusion as to their delicacy and 
clinical applicability, and without due appreciation of their worth and 
significance Tests have been accepted as conclusive foi formaldehyd 
which do not diffeientiate between free hexamethylenamin and free 
formaldehyd, certain tests are thought to be best suited for clinical 
application, others for pure chemical work only Therefore, we have 
attempted to gain more definite information concerning the applicability 
of various tests for free formaldehyd and free hexamethylenamin, to 
study the vaiious conditions under which the liberation of formaldehyd 
takes place, and to settle definitely whether hexamethylenamin itself is 
bactericidal oi not 

In this work we have sought to correlate as much as possible the 
chemical data obtained with experiments m vitio and on the lowei 
animals with observations on patients The clinical material was 
obtained from the medical waids and dispensary clinics of Lakeside 
Hospital and Western Eeserve University For a description of the 
methods used, the sections to follow must be consulted 

The moie important results of our work may be briefly stated as 
follows The phloioglucin test is the most delicate and most useful test 
for free formaldehyd Free alkali prevents the liberation of formaldehyd 
from hexamethylenamin Liberation of formaldehyd from hexamethyl- 
enamin depends on the hydrogen ion concentration of the solution , that 
is, it depends on true acidity After the administration of hexamethyl- 
enamm, free formaldehyd does not occur in blood, cerebrospinal fluid 
and all other body fluids which are truly alkaline (concentrations of 
hydrogen ions less than 7 0), nor does it occur m alkaline urine, but it 
always occurs in the mine of animals and of man when the reaction is 
acid, that is, when the hydiogen ion concentration is greater than 7 0 
(neutrality) Definite and diiect proof is offered that hexamethylenamin 
itself IS not bactericidal 

I Tests foi Foi maldehyd and Hexamethylenamin 

Bromin-Watei Test for Fiee Eexametliylenamm — ^This test is described by 
Nicolaier" as follows Fresli bromin water gives an oi ange-yellow precipitate when 
added diiectly to solutions containing liexametliylenamin The precipitate forms 
at the moment of contact with bromin water, but redissolves until three to four 
drops of the leagent have been added The precipitate forms when the merest 
trace of hexamethylenamin is present No precipitate is formed with free for- 
maldeliyd The test is applicable to urine, but to no other body fluids contain- 
ing proteins such as blood, blood-seium, cerebrospinal fluid, pleural, pericaidial 
and synovial fluids and urine containing albumin, because the proteins them- 
selves form a precipitate In order to test for hexamethylenamin in fluids in 
which the bromin-water test is not applicable, the fluid is distilled alone or with 
the addition of a little mineral acid and eithei of the following tests foi for- 
maldehyd are applied to the distillate 

2 Nicolaier Ztschr f klin Med , 1899, sxxviii, 350 
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Tests for Free Formaldehyd — ^Many of the most widely employed tests for 
free formaldehyd involve the use of acids, which would decompose the hexamethyl- 
enamin, and would therefore be unsuited for distinguishing between free for- 
maldehyd and hexamethylenamm Only those which are made in weakly alkaline 
reaction are suitable This limits the choice practically to the phenylhydrazin 
and phloroglucin tests 

Phenylhydrazvn-Nitroprussxd Test for Free Formaldehyd — ^This test was 
first described by Eimini,® and later by Arnold and Mentzel^ Three reagents 
are necessary (1) Phenylhydrazin hydroehlorid 0 5 per cent in water, (2) 
sodium nitroprussid” 5 per cent in water, (3) sodium hydroxid 10 to 20 per cent 
The test is performed in the cold or at ordinary room temperature as follows 
To 5 to 10 c c of the fiuid to be tested contained in a test-tube are added 3 drops 
of the phenylhydrazin, 2 drops of the nitroprussid and 3 drops of the alkali in 
the order mentioned If formaldehyd is present in an aqueous solution, an 
emerald green to a deep blue color is formed (depending on the concentration of 
formaldehyd) at the moment the alkali comes in contact with the fimd This 
color gradually diffuses throughout the fiuid and almost at once begins to disap- 
pear, particularly in highly dilute formaldehyd solutions, assuming finally an 
orange-yellow to a ivme-red color With water alone, the test gives a greenish- 
yellow at the moment the alkali is added, making it entirely indistinguishable 
fiom very dilute solutions of formaldehyd (1 2,000,000 and higher) The change 
to wine red occurs much more rapidly in water than in solutions containing for- 
maldehyd uhich are positive with the test In urine containing formaldehyd the 
sequence of colors is as follows As soon as the hydioxid is added, a deep purple 
color (generally, but not always) is formed This quickly changes to green, then 
to yellow and finally to a yellowish red The test is directly applicable to all 
body fiuids except bile and whole blood, owing to the color possessed by these 
fluids 

Phloroglucin Test for Free Formaldehyd — ^This was first described by 
Jorissen” The reagent used consists of phloroglucin (Eeagent-Merck) 0 1 gm 
dissolved in 10 cc of 10 to 20 per cent sodium hydroxid When first prepared 
the solution acquires a bluish-violet color, but on standing becomes entirely 
colorless or with at most a yellowish tinge The leagent may be used freshly 
prepared since the violet color does not interfere with the red of formaldehyd 
The test is performed in the cold or at ordinary room temperature by the direct 
addition of about 0 5 c c of the reagent to about 1 to 2 c c of the fluid contain- 
ing formaldehyd A deep bright led appears instantaneously with higher con- 
centrations of formaldehvd, but with lower concentrations of formaldehyd it 
lequires about one half to one minute for the color to reach its maximum inten- 
sity The color persists for at least five minutes with dilute solutions and much 
longer with concentrated formaldehyd solutions’ The test is directly applicable 
to all body fluids except whole blood and bile The hemoglobin of fluids contain- 
ing a trace of blood (enough to give a red tint) is immediately reduced by the 
alkali of the reagent, the solution assuming a yellowish color, and does not inter- 
fere with the formaldehyd reaction The reagent added to water alone gives a 
clear colorless solution 

Delicacy of the Formaldehyd Tests — This was tested out in the following 
manner !^own dilutions of formaldehyd’ ranging from 1 1,0(10 to 1 15,000,000 
were made in light amber colored urine and in water The tests were then per- 
formed in the manner described above The results obtained (Table 1) were as 

0 Eimini Ann di Farmacol , 1897, xvii, 97 

4 Arnold and Mentzel Ztschr Nahr Genussm , 1902, v, 353 

5 In place of the nitroprussid, sodium ferricyanid may be used, in which case 
the resulting color is red 

6 Jorissen Bull soc chim Belg, 1897-98, xi, xii, 211 

7 The concentrations of formaldehyd throughout the paper refer to absolute 
formaldehyd and not to the commercial (40 per cent ) solution 
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follows With the phenylhydrazm, shades of blue to green with the higher 
concentrations to a greenish-yellow with a concentration of 1 2,000,000, indis- 
tinguishable from that of the test plus water The limit of delicacy obtained 
was 1 1,000,000 With the phloroglucin test a fine gradation of red colors was 
obtained, ranging fiom a deep bright red with the higher concentrations to a 
visible trace of pink in 1 10 000,000 The results with urine were similar 

RELATIVE USEFULNESS OF THE TWO TESTS 

Certain objections have been raised to the use of delicate tests for 
formaldeliyd in clinical practice Burnam® has proposed the use of 
phenylhydrazm test as a practical clinical test owing to its lesser delicacy, 


TABLE 1 — Delicacy of Pohmaldehyd Tests* 


Concentration of 
Formaldehyd 

Phenylhydrazm 

Test 

Phloroglucin 

Test 

1 


+ 

1 

+ 

1 1,000 

Deep blue 

Very deep red 


+ 

+ 

1 10,000 

Blue 

Less deep red 


-f 

+ 

1 50,000 

Bluish green 

Lesser deep red 


1 + 

+ 

1 100,000 

Green 

Deep red 


+ 

+ 

1 250,000 

Green 

Lighter deep red 


+ 

+ 

1 500,000 

Light Green 

Light red 


+ 

+ 

1 1,000,000 

Very light green 

Lighter red 


+ (?) 

+ 

1 2,000,000 

Very light greenish 

Very light red 


+ (’) 

+ 

1 4,000,000 

Very light greenish 

Light pink 


+ (’) ’ 

+ 

1 8,000,000 

Very light greenish 

Very light pink 


+ (?) 

+ , , 

1 10,000,000 

Very light greenish 

Visible trace of pink 


+ (?) 

— 

1 15,000,000 

Very light greenish 

Colorless 


+ ( ?) 

— 

Distilled water 

Very light greenish 

Clear, colorless 


*In this table the plus sign (-f) means that the test was positive, the 
minus sign ( — ) means that the test was negative 


thns serving as a reliable index of therapeutically efficient quantities of 
excreted foimaldehyd. We have found this test to be comparatively 
delicate (1 1,000,000) and capable of detecting concentrations of for- 
maldehyd below the margin *’of bactericidal efficiency The phenyl- 
hydrazin test requires three reagents, two of which are unstable , and the 
several changes of color in urine add an element of complexity On the 


8 Burnam The Abchives Int Med , 1912, x, 324 
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other hand, the phioroglucm test gives a constant red color with grada- 
tions of intensity depending on the concentration of formaldehyd , its 
application is exceedingly simple, it requiies only one reagent, and for 
these reasons alone should be preferred to the phenylhydrazm as a more 
practical test These conclusions have been reached from an extensive 
application of both tests simultaneously m the greater portion of the 
experiments embodied in this paper, as well as on other occasions 

CONCLUSION 

The phloioglucin test foi free foimaldehyd (limit 1 10,000,000) is 
more sensitive than the phenylhydrazm (limit 1 1,000,000) , it is simpler 
and does not give with urine the complexity of colors which is so trouble- 
some with the phenylhydrazm test 

II Acid Facilitates, Alkali Inhibits the Libeiation of Foimaldehyd 
fiom Hexamethylenamin in Body Fluids 

The comparative ease with which hexamethylenamin decomposes in 
aqueous acid solution and its lack of decomposition m aqueous alkaline 
solutions might conceivably be somewhat modified m body fluids, for 
instance, by ferments In the expeiiments which follow, various body 
fluids and water were used, and the effects of reaction, time and tem- 
perature were studied 

Different body fluids and water were mixed with hexamethylenamin, 
0 1 and 0 5 per cent , the reaction made acid by the addition of 0 2 per 
cent hydrochloric acid , or alkaline by 0 2 pel cent sodium carbonate or 
0 1 per cent ammonium hydroxid The mixture was divided into three 
sets of duplicate tubes of 5 c c each The phloioglucin and phenylhy- 
diazin tests were applied (1) to one pair of tubes as soon as the dilutions 
were made, (2) to a second poition aftei the solutions were laised to 
the boiling point, and (3) to a thud portion after the solutions were 
incubated for one and flve hours at 37 5 C (99 5 F ) The data obtained 
have been placed m Table 2 The results with both the formaldehyd 
tests were identical, and they have been included under one column The 
doubtful experiments marked ( ’) m the table can probably be considered 
negative in the light of oui further experience 

COMMENT ON TABLE 2 

Fieshly-Made Solutions — Formaldehyd was liberated at once in all 
the acidulated fluids except in the cat’s serum in which the acid was 
piobably neutralized, this gave the test on standing In the fluids alone, 
formaldeh 3 ’-d could be detected only in infected ascitic fluid and the 
stiongei pancreatic extract The composition of the ascitic fluid was 
unknoun and it may have contained substances giving use to true acidity 
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(not litmus acidity) ISTo explanation can be ofPered for the behavior of 
the pancreatic extract Formaldehyd was absent in practically all of the 
alkaline (NajCOg and hrH 40 H) fluids 

Solutions Raised to the Boiling Point — The data indicate the uni- 
form presence of formaldehyd in acid fluids as well as in the fluids alone 
Boiling liberates formaldehyd from all the fluids except when alkali had 
been added The majority of alkaline fluids were negative, but a few 
appeared positive after boiling The reactions of these fluids had not 
been obseived, how'-ever, and this may explain the discrepancy 

Incubation foi Penods of One How and Five Hours at 37 5 C — The 
results for the difierent periods of incubation were the same and about 
identical with those when the solutions were raised to the boiling point 
That is, formaldehyd was uniformly present in the fluids alone as well 
as in the acidified fluids, and absent in all of the alkaline fluids This 
in general indicates the ease with wdiich hexamethylenamin decomposes 
even at a moderate temperature 

CONCLUSION 

Solutions of hexamethylenamin in water and the various body fluids 
used do not liberate formaldehyd immediately, but do so on boiling, or on 
standing one hour at 37 5 C , or at once if acid is added Alkalies 
prevent the liberation, except in a few doubtful instances 

III Foi maldeliyd Liheiation and Cultuie Expenments with Herameth- 
ylenamin m Pathological Fluids 

The experiments heieafter related were made to determine directly 
the antiseptic effects of various proportions of hexamethylenamin in body 
fluids, and to observe whether the antiseptic effects go parallel with 
liberation of formaldehyd This direct determination seemed worth 
wdiile, because the higher protein content, etc, of such fluids might 
conceivably modify theoretical effects The culture experiments were 
made by Dr H 0 Euh, Lakeside Hospital, as follows 

With each pathological fluid a senes of tubes was piepared, each contaimiig 
7 c c of fluid, with difi'erent amounts of hexamethylenamin or formaldehyd To 
each tube was added 1 cc of a very dilute suspension of bacteria (pure cul- 
tures of the different varieties) The tubes were then shaken and placed in an 
incubator at 37 5 C At the end of twenty-four and forty-eight horns the char- 
acter of the bacterial grouth was determined by direct inspection Turbidity 
indicated bacterial growth, a clear fluid indicated no growth Some of the tubes 
showed differing grades of turbidity, but as the cultures were not constant in 
this respect no differentiation was attempted between them In some cases the 
original fluids were so turbid that plate cultures were made Here the presence 
of colonies indicated bacterial growth, no colonies meant no growth The phenyl- 
lijdrazin and phloroglucin tests were applied to each tube at the end of the incu- 
bation period The results of our experiments have been placed in Table 3 The 
lesults of the formaldehyd tests were identical and have been placed in a single 
column 
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TABLE 5 — Bactericidal Proper 




Chaiactei of Bacterial Growth and Presence 

Micro- 

Organism 

Culture 

Medium 




1 50 

1 100 

1 200 

M pyogenes 

Agai alone 

None ( 1 ), ( 2 ) 

X 


aureus 


+ 



M ureae 

Agar alone 

None ( 1 ) 

X 



+ 



B diphthenae 

Agar alone 

no colomes{l) 
-1- stiong 

No colonies ( 1 ) 
strong 


B typhosus 

0 2 per cent 


Diffuse ( 1 ) ( 2 ) 

X 

B typhosus 

COj-agar 

0 2 per cent 
COj-agar 

None ( 1 ) 

10 colonies (2) 

None ( 1 ) 
Diffuse ( 2 ) 

1 colony (1) 

6 colonies (2) 



"f* 

+ ’ 


B typhosus 

0 5 per cent 

None ( 1 ), ( 2 ) 

None ( 1 ), (2) 


NHa-agar 

-f- trace 

— 

X 

B typhosus 

0 5 per cent 

None ( 1 ) 

None (!) 

COj agar 

several small 

Sevei al 



colonies ( 2 ) 

colonies (2) 


M pyogenes 

0 5 per cent 

diffuse (1) 

X 

X 

aureus 

CO3 agar 

(2) 



M pyogenes 

0 5 per cent 

None ( 1 ) 

None ( 1 ) 

X 

aureus 

NH3 agar 

diffuse (2) 

Diffuse ( 2 ) 


M pyogenes 

0 5 per cent 

+ 

diffuse (1) 

Diffuse ( 1 ) 

X 

aureus 

NH3 agar 

"I" i 

1 


M pyogenes 

0 5 per cent 

Numei ous 

Numei ous 


aureus 

NHj-agar 

colonies 

colonies 



(1), (2) 

(1), (2) 





— 


B coll 

0 5 per cent 

Many 

Many 



NHs-agar 

colonies (1) 

colonies (1) 



+ slight 

— 


B pyocyaneus 

0 5 per cent 

Very marked 

Veiy marked 



NHa-agar 

growth (1) 

growth (1) 




+ ’ 

— 


B coll 

0 5 per cent 

None (1) 

Maiked 



NHj agar 

-j- trace 

growth (1) 


Actinomycosis 

0 5 per cent 

12 colonies(l) 

12 colonies (1) 



NHj-agar 

+ trace 

— 


M ureae 

0 5 per cent 

Numerous 

Numerous 



EBTs agar 

colonies ( 1 ) 

colonies ( 1 ) 


B pneumoniae 


+ ’ 


0 5 per cent 

Numerous 

Numerous 



NHj-agar 

colonies ( 1 ) 

colonies ( 1 ) 



+ 

— 


B anthrax 

0 5 per cent 

Fewer colonies 

Gieat many 



EHj-agar 

than rest (1) 

colonies ( 1 ) 




+ 

— 


B diphthenae 

0 5 per cent 

Diffuse 

Diffuse 



NH3 agar 

cloudiness ( 1 ) 

colonies ( 1 ) 



(2) +’ 

(2) — 


B diphthenae 

0 5 per cent 

diffuse (1) 

Diffuse (1) 



NHj-agar 

+ 




* CO3 agar refers to agar modified with sodium carbonate , NHs-agar refers 
“X” are the same as the ne\.t higher concentration 

(1), growth at end of twenty-four hours, (2), at end of forty-eight hours, 
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of Formaldehyd 

in Hexamethylenamin 





Remarks 

1 250 

1 500 

Blanlc 


Numerous 

X 

Numei ous 


colonies 


colonies 


(1), (2) 


(1), (2) 


+ 


— 


X 

X 

Numei ous 
colonies ( 1 ) 


88 colonies (1) 

162 colonies 

Diffuse 


+ 

(1) 

growth (1) 


+ 

— 


X 

X 

X 


Diffuse ( 1 ) 

Diffuse 

X 

Growth diffuse in all plates 

5 colonies (2) 

( 1 ), (2) 


at end of seventy-two hours 

X 

X 

X 

Experiment repeated, no 



growth in any of the plates 

X 

X 

X 

Colonies about equally dis- 



tributed in all plates 

X 

1 X 

X 

At end of foity-eight and 

1 


sixty-eight hours growths 
nioie diffuse 


Diffuse 

X 

X 

At end of seventy -two hours 

(1), (2) 



growth inci eased in all 




plates 

X 

X 

X 


X 

X 

Most colonies 
j of all (1),(2) 


Considerable 
giowth (1) 

X 

X 


X 

X 

X 


X 

X 

X 


30 colonies(l) 

50 colonies ( 1 ) 

28 colonies (1) 


X 

X 

X 


X 

X 

X 


X 

X 

X 


X 

X 

X 

Growth at end of ninety-six 
hours same , formaldehyd 
tests same Involution form 

X 

X 

X 

of bacterium used 
Distribution of colonies same 

in all plates Fresh culture 
used 





to agar modified ivitli ammonium liydroxid The description of those marked 


formaldehyd piesent, — , formaldehyd absent 
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COMMENT ON TABLE 3 

\ 

IIe%ametliyJenamiiv — Bacteiial growth was Bot prevented m any of 
these hmds even in solutions containing 0 5 per cent of hexamethyl- 
enamin, a propoition much higher than could obtain anjrwhere in the 
body It IS therefore improbable that the administration of hexamethyl- 
enamin could have marked antiseptic effects in the tissues, although a 
partial restraining action is not positively excluded Traces of formal- 
dehyd were liberated, but not enough to be effective , i e , it must have 
been less than 1 10,000 

Formaldehyd — The limit of bactericidal efficiency in general is fiom 
1 10,000 to 1 5,000 for a majoiity of the organisms In the sterile ascitic 
fluid which was incubated with B typhosiiSj bacteria and formaldehyd 
were simultaneously present in all concentrations, while in the experi- 
ment which consisted of ascitic fluid and B typhosus no bacteria grew 
in any of the eoncentiations, although formaldehyd was present in all 
the cultures IsTo explanation can be offered for the results in these two 
experiments 

IV Hexamethylenamm Itself is Kot Bactericidal 

The experiments just desciibed indicate that the bactericidal 
efficiency of hexamethylenamin depends on the liberated formaldehyd 
This was also the conclusion of Jordan,® who obseived that the hexameth- 
ylenamm prevented putrefaction of urine and the gi owth of staphylococci 
when the formaldehyd concentration, as estimated by the phloroglucin 
test, corresponded to about 1 10,000, i e, the same concentration in 
which pure formaldehyd is bactericidal In allcaline urines putrefaction 
ensued more rapidly and staphjdococei grew readily This is indirect 
evidence that the antiseptic properties of hexamethylenamin must depend 
on the liberated formaldehyd Others have made similar statements, but 
without offeiing decisive evidence that hexamethylenamin does not 
possess bactericidal properties 

The question was decided definitely m the negative by incubation 
experiments with several species of bacteiia in hexamethylenamin media 
in which the liberation of formaldehyd was prevented This medium 
consisted of agar modified with sodium carbonate, or with ammonium 
hydroxid In this way an alkaline medium was secured which prevented 
the liberation of formaldehyd and allowed the hexamethylenamin to act 
as such on the bacteria All of the cultures consisted of plates Differ- 
ent concentrations of hexamethylenamin were used, but the total volume 
of the culture in each case was always the same The same volume of a 

9 Jordan Biochem Jour, 1911, v, 274 j, t 4-r,r-rr 

10 We wish to express our thanlcs to Professor Perkins, of the Laboratory 

of Hygiene and Preventive Medicine, who supplied us with pure cultures 
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dilute culture of the hacteiia was used in each plate At the end of the 
incubation peiiod, a small portion of the culture material was excised, 
treated with a little (5 c c ) distilled water and tested with the phenyl- 
hydiazin and phloroglucin tests for formaldehyd 
The details of a typical experiment aie as follows 

Experiment 9 — B coh, bacteiial emulsion consisting of three loops of a pure 
culture in 3 c c of bouillon, liexamethylenamin, 10 per cent, solution in water, 
ammonium hydroxid, 0 5 per cent solution of the concentrated ammonium 
hydroxid ( sp gr 0 9), and plain agar melted on a water-bath so as just to flow 
The solutions were mixed in the order given in Table 4 

TABLE 4 — ^Experiment with Colon Bacteria Eesult* 


Hexametbyl- 
enamin, c c 

Concentra- 

tion 

1 

Plain Agarf 
c c 

Phloio 

glucinj 

j Plienyl- 

hydiazinj 

1 0 

i 1 50 

83 

-psl 

-f si 



88 

______ 

— 



9 1 

— 

— 

01 

1 500 

92 

— 

1 

00 

1 ^ 

1 

93 

■ 

—— 


* Numerous colonies appeared at the end of twenty-four hours in all of the 
plates 

fPreeeding the plain agar 0 5 c c ammonium hydroxid and 0 2 c c bacteria 
were added to the hexametliylenamin in the order named 

$ Formaldehyd , +pr€sent, — absent, si = slight 

All plates were in duplicate The mixing of the contents was accomplished 
by quickly and gently tilting and rotating each plate before the agar solidified 
Then they were placed in an incubator at 37 5 C At the end of twenty-four 
hours, and in some cases at the end of forty-eight hours, the plates were 
inspected and the formaldehyd tests applied 

The results of the experiments have been placed in Table 5 

COMMENT ON TABLE 5 

The data from the first three experiments in which no alkali was 
added and in which liberation of formaldehyd took place, show that no 
bacterial growth occurred in concentrations of 1 100 and 1 50 of hexa- 
methylenamin In the lower concentrations bacteria grew about as effec- 
tively as in plates containing no liexamethylenamin In these low 
concentiations of hexametliylenamin not enough formaldehyd was 
liberated to inhibit the growth of bacteria The presence of formaldehyd 
in the plates was confirmed by the tests 

On the otlier hand, in agar modified with ammonium hydroxid and 
sodium carbonate, and which did not contain liberated formaldehyd, the 
growth of bacteria took place uniformly throughout all of the plates, even 
those containing 2 per cent of hexamethylenamin Usually the growths 
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were so diffuse that it was impossible to estimate the number of colonies 
piesent and they differed hut slightly, if at all, from those of the blanks 
(consisting of the special agai minus hej.amethylenamin) In a majority 
of the plates containing concentrations of 1 50 hexame^denamin not 
quite enough alkali was present to inhibit completely the liberation of 
foimaldehyd Traces of foimaldehyd could be detected, but not enough 
was present to affect the bacterial growth The experiments with dif- 
ferent species of organisms, some highly lesistant and some susceptible 
to foimaldehyd, yielded practically identical results These results stand 
out as a conyincing proof that hexamethylenamm m itself is not bacteri- 
cidal, but that the bacteiicidal properties depend on the liberation of 
formaidehyd 


V The Liberation of Foimaldehyd fiom Idexamethylenamin Depends 
on the Sydiogen Ion Concentration of the Solution 

Since the bacteiicidal properties of hexamethylenamm depend on the 
liberated foimaldehyd, it is essential to ascertain the factors which 
determme this liberation under biological conditions The possible fac- 
tors are acidity, temperature, time, concentration, ferments and perhaps 
others Of these, as has been previously remarked, the acidity of the 
fluid IS of the greatest importance Our results indicated that the 
liberation could occur with degrees of acidity lower than those appre- 
ciated by litmus, and closely approximating to that of certain body fluids 
On the other hand, no decomposition whatsoever occurred m solutions 
rendered alkaline b}'- 0 3 pei cent sodium caibonate, a degree of alkalinity 
frequently exceeded by certain body fluids, particularly in the gastro- 
intestmal tract Therefore, we lesorted to the determination of the true 
reactions of fluids by the use of the indicater methods elaborated by 
Sorensen,^’- and later extended by L J Henderson^^ and others, to the 
various body fluids 


True Reaction — ^Before passing on to the experiments themselves, it is neces- 
sary to say something concermng the principles on which our knowledge of the 
true reaction of a fluid is based Briefly, the true reaction of a solution in terms 
of physical chemistry depends on the relative concenti-ations of the hydrogen (H) 
and hydroxyl (OH) ions therein When the concentration of the hydrogen and 
hydroxyl ions are equal the condition is spoken of as neutrality When there 
IS a piepondeiance of hydrogen (H) ions true acidity exists, while a prepondei 
ance of hydroxyl (OH) ions means true alkalinity The hydrogen may coma 
from an acid such as hydrochloric acid (HCl) or an acid salt such as mono- 
sodium phosphate (NaH^POJ In either case it is only the hydrogen which 
18 ionized or dissociated that is pertinent to the acid reaction of a solution Tliese 
ions possess certain electric charges, for when water or electrolytes (salts) are 
decomposed electrolytically the acid ions aggregate at one pole, while the basic 


11 Sorensen 

12 Henderson, 


mhnisse d Physiol, 1912, xii, 394 ^ 

J ibid, 1909, yiii, 254, ibid. Jour Biol Chem , 1911, 


IX, 403 



P J EAIIZLIK—R J COLLINS 


591 


ions aggregate at the othei pole Thus hydrogen ions cany a positive charge 
and aggregate at the negative pole The mode of expression commonly used is 
_ 1 - — 

(H) , for hydroxyl (OH ) 

The leaction of a solution can be given a quantitative expression by measur- 
_f- — 

mg the values of (li) and (OH) (L J Hendeison”) This is highly essen- 
tial foi the accuiate study of the relation of reactions to diffeient chemical 
phenomena Fust, the point of neutiality must be known It has been deter- 

- 4 - 

mined experimentally that at 25 C the concentrations of (H) is 0 000,000,1 

gm , and that of (OH) is 0 000,0017 gm in 1,000 gm of watei Dividing 

+ — 

this by the atomic vs^eights, it is seen that the number of (H) and (OH) 
ions IS alike, as demanded by tlieoiy Expiessed logarithmically the figure foi 

4 ~ + 

the ionized hydrogen (H) would read Hio — 7 is the quantitative expression 
of neutrality For convenience the exponential digit alone without the minus 

+ 

sign IS now used, that is, instead of (Hio — 7 ), meiely 7 0 is written We have 

+ 

used this mode of expression in our paper A number of actual (H) detei- 
minations will serve to illustrate just what is meant by alkalinity and acidity 

+ 

Lowest (H) concentiation = 7 3 

72 
7 1 
70 
69 
6 8 
67 

-f 66 

Highest (H) concentration = 6 6 


I true alkalinity 
= neutrality 

I tiue acidity 


+ 

The method now commonly used for the deteimination of the (H) con- 
centration of fluids is that devised and desciihed by Sorensen Tlie objections 
to this method raised by Rona^“ do not concern us heie The method of Sorensen 
consists essentially of a senes of indicatois which produce ceitain changes of 

color with certain definite range of the (H) concentration Sets of standards' 

+ 

with known ranges of (H) concentrations containing the different indicators 
are used for comparison with the unknown solution In detail it consists of 
running 5 c c of the fluid, for instance urine, in a bottle containing the indi- 
cator This IS then diluted to 125 c c with distilled water freshly boiled ( to 
remove carbon dioxid) and pieviously cooled to a volume equal to that of the 
standaid containing an equal volume of the indicator The comparison is then 
made until a standaid is found whose color exactly matches that of the unknoivn 

+ + 

Tlie (H) concentration of the matched standard is the (H) concentration 

of the fluid Certain piecautions must be exeicised in the selection of a prac- 
tically neutral water for the dilution of fluids, and glassware must not be con- 
taminated with bases or acids Turbidity in the diluted solutions must be 
avoided In such cases a smallei volume of fluid is used, as it has recently been 

13 Henderson, L J Science, 1913, xxxvii, 389 

15 Rona Handbuch d Biochemischen Arbeitsmethoden, 1911, v, 317 
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shown by L J Henderson and Palmer^® that dilution does not affect the deter- 

"f" 

mination of the (H) concentration to any appreciable extent 

Rcldt^on Sctwcen JPoTTYidld&liyd I/ihcTation and Sydt ogsn Ion 
Concantrations m Urines 

Wg have examined^^ urines^ cerebrospinal fluids, bloods, gastric jmce 
and a few pathological exudates from persons receiving hexamethylen- 
amin, and other fluids chiefly from dogs In this section the discussion 
Will be limited to human urmes, smce they exhibit the most variable 

+ 

concentrations of lonizable hydrogen (H) The remaining fluids will 
be taken up in the sections to follow 

The followmg tabulation is based on 293 hexamethylenamin 
urines, some freshly voided, others that were standing (The mfluence 
of standing will be discussed later ) The freshly voided urmes consisted 
of fractional specimens which were obtained as often as the individuals 
(dispensary patients^® and laboratory assistants) could micturate Stand- 
mg urmes represented collections of twenty-four hours in the majority 
of cases These were obtamed chiefly from patients m the wards The 
dosage of hexamethylenamin varied, but enough was usually excreted in 
the urme so that liberation of formaldehyd could take place The phloro- 
glucm test for formaldehyd was used The data obtained have been 
placed mto Table 6 In this, the urmes are arranged m the order of 
-f 

their (H) concentrations 


COMMENT ON TABLE 6 

It IS readily seen from Table 6 that free formaldehyd was present in 
the majority, oi 221 (97 4 per cent ) of the urines which were acid, that 
+ 

IS, (H) concentration over 7 0 (from 6 98 to 4 48) Of the six urines 
which were doubtful, three showed comparatively high acidities This is 
ascribed to contamination of our receptacles, as judged from the reactions 
of the adjommg samples from the mdividuals, and from the fact that 
lower acidities generally showed the presence of formaldehyd The 
remaming doubtful specimens possess acidities which are close to the 
neutral pomt, and these may have been contaminated or contain portions 
of alkalme fractions which reduced the intensity of the formaldehyd 
reactions + 

Of 59 urines which exhibited alkalinity, that is (H) concentration 
of less than 7 0 (from 7 1 to 7 4), the majority or 57 (about 96 8 per 


16 Henderson, L J , and Palmer Jour Biol Chem , 1913, xui, 393 

17 The acidity determinations were made under the supervision of Professor 

Haskins of the Bio Chemical Laboratory 

18 From the Medical Dispensary, Western Reserve University and Lakeside 

hospital 
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cent ) show the absence of formaldehyd The two urines which are 
marked donbtfnl may have contained portions of preceding acid mine 
fractions, and which would theiefoie contain traces of formaldehyd 


TABLE 6 — Relation of Htdeogen Ion Concentration of Hexamethylenamin Urines 

TO Liberation of Eormaldeuyd 



-b 

(H)* 

Total No of 
IIe\ametliyl- 
enamin 

Uiines ivith 
Foimaldeliyd 

Present 

Absent 

A 

7 4 


5 



73 


8 


bn's 

7 25 


3 


S 2 

72 


29 



7 16 

1 

4 


S Ct 

7 15 


2 



71 

K?) 

6 

Neutrality — > 

70 

K?) 

5 



6 98 


1 


bo 

6 95 

4 

1 


n 

6 94 


1 


ea -XJ 
qj ^ 

6 92 

K?) 



U w 
u ca 

6 9 

3 

1 


6 89 

1 




6 85 

3 




6 75 

2 




6 72 

1 




67 

10 

1(7) 



6 65 

1 




6 64 

3 




66 

7 




6 55 

1 




6 52 

1 




65 

10 




6 47 

4 




6 45 

6 




64 

1 




6 38 

2 




6 37 

1 




6 35 

9 




6 32 

1 




63 

12 





Total No of 
Hexamethyl- 



enamin 


+ 

(H)^ 

Urines with 
Formaldehyd 



Present 

Absent 


6 25 

2 



6 24 

1 



62 

9 



6 15 

1 



6 1 

5 



6 0 

6 




5 95 

20 


bD 


5 9 

2 


m “tH 


5 85 

0 


ca 'xs 

q3 r-* 

£4 ^ 


5 82 

1 


0 ci 


5 8 

8 


V 

5 75 

5 



57 

3 



5 65 

5 



56 

4 



5 58 

1 



5 55 

1 



55 

3 



5 47 

1 



5 45 

1 



54 

4 



5 35 

1 



53 

3 



5 25 

1 



5 2 

3 



5 19 

c 



5 1 




50 


1 


4 85 

HHi 



4 48 




Total 

224 

68 


+ 

* (H) refers to hydrogen ion concenti ation 


+ 

Of 6 urines which exhibited neutrality, that is, (H) concentration 
of 7 0, the majority or 5 (83 per cent ) showed the absence of formal- 
dehyd Here again the single doubtful specimen may have contained a 
portion of previously used acid urine 

It was observed that many of the first, fractional urines (either acid 
or alkaline), which contained only a tiace (more or less) of hexamethyl- 
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enamin as mdicatec) by the bromm-water test, did not show detectable 
traces of foimaldehyd It is possible that not enough hexamethylenamin 
was present to libeiate sufficient formaldehyd for the phloroglncin test 
We have, therefoie, omitted from the table the first fraction of nrmes 
voided 

CONCLUSIONS 

Practically all hexamethylenamin nrmes which exhibit true acidity, 

that IS, (H) concentration over 7 0, show the presence of formaldehyd, 

while urines which exliibit true alkalinity, that is, (H) concentration less 
than 7 0, do not show detectable traces of formaldehyd The very rare 
exceptions to this rule are piobably teelmical errors 


VI Pieiiovs Inveshgations on the Dxstnhnhon, Excretion and 
Decomposition of Hexanietliylenamm in the 
Body Fluids 

It might be objected that the behavior of hexamethylenamin in body 
fluids in vitio under different conditions might be rather different than 
its behavior m the fluids of the living organism , and the question deserves 
to be investigated directly In the preceding sections it was shown that 
the bactericidal properties of hexamethylenamin depend on the liberated 
formaldehyd, and that formaldehyd liberation can take place only m a 
truly acid medium It is, therefore, important to determine directly 
whethei hexamethylenamin is present in various tissues, fluids, etc , as 
such or as formaldehyd, and to note the true leaction of the vanou^i bodv 
fluids as well 


It has been sho\Tii bj'' Crovre*'’ that hexamethylenamin is excreted in the bile, 
pancreatic ]iiice, cerebrospinal fluid and synovial fluid of human beings and in 
the saliva and milk of dogs, he supposed, but without any direct evidence, that 
it liberates formaldehyd in these situations Flexner and Clark^ and Hald“ 
have reported its excretion in the cerebrospinal fluids of monkeys and patients 
ill with anterior poliomyelitis and meningitis, respectively Bucura,® Eieder,^^ 
and Schmid and Schroter^ have shown that free hexamethylenamin, but no 
free formaldehyd is excreted in human milk Hanzlik“ has shown that hexa- 
methylenamin, but no free foimaldehyd is excreted in human saliva This has 


19 Dunno' the course of our work a paper has appeared by G- W Smith 
° + 
Boston Med and Surg Jour, 1913, cKwiii, 713, on a study of the (H) con- 
centration in hexamethylenamin urines Smith’s results are practically identical 


with those obtained by us a ™ 

20 Croive Johns Hopkins Bull, 1908, xix, 109, ibid, xx, 102, Arch intern 


pharmacodyn , 1908, xviii 315 « ion 

21 Flexner and Clark Jour Am Med Assn , 1911, I’w, 585 

22 Hald Arch f exper Path u Pharmakol , 191b 329 

OQ ’RTimrn Arcll GXPPT Tll6rn,p ) IDOTj iVj 3Jo m r\^rr 

24 Eieder Monatseln Kinderheilk , xi, 80 , Cbem Abs^aeta, 1913, vn, 1057 

S Scbmd and Scbroter Cent f ”/» 5, « W'". 7. la’ 

26 Hanzlik Jour Am Med Assn, 1910, liv, 1940 
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been confirmed by Zik,"^ who also detected hexametbylenamin in tbe bronclual 
secretion of a tuberculous patient, this has also been shown in sputa of tubercu- 
losis and pneumonia by Armstiong and Goodman^ The elimination of he\a- 
methylenamin in the middle ear has been shown by W M Barton in the 
anteiior chamber of the eye by W S Gradle/” and in the aqueous and vitreous 
humors by Whitham In the urine the excretion of the drug as u ell as for- 
maldehyd were first reported by Nieolaier “ Since then, however, considerable 
confusion has existed as to the constancy of the appeal anee of hevamethylenamin 
alone or in the liberation of formaldeliyd This confusion is reflected in the 
current text-books Burnam® has reported that formaldeliyd may be present 
or absent in either acid or alkaline urines It has been reported by L’Esperance 
and Cabot®® that only one-half of their patients excreted formaldehj’^d These 
observers took no note of the reaction of the urines and used the phenylhydrazin 
test for formaldeliyd Jenness®* reports that 53 per cent of urines of tivo hun- 
dred individuals showed formaldeliyd Most of these were acid to litmus and 
the phenylhvdrazin test was used Using the phloroglucin test for tormaldehyd, 
Sollmann®® observed that only a small portion of the hexametliylenamin appears 
as formaldehyd if the mine is not voided too frequently That acidity of urine 
facilitates formaldehyd liberation was suggested by Wiggs®® Jordan® reports 
that all acid hexamethylenamin urines (litmus and titration acidities) show 
the presence of formaldehyd by the phloroglucin test, and that alkaline urines 
never show it These reports of inconstancy of liberation of formaldehyd in 
hexamethylenamin urines are due essentially to the lack of appreciation of a 
very important factor, namely, the true reaction of the unne The time of 
sojourn of the urine in the bladder is very likely a contributory factor in facili- 
tating the liberation of formaldehyd 

Concerning the presence of free formaldehyd in other body fluids after 
administration of hexamethylenamin, it has been heretofore shown by one of us 
that the saliva does not contain it and Bieder and Schmid and Schroter have 
shown that human milk does not contain formaldehyd In other fluids such as 
bile, cerebrospinal fluid, blood serum, synovial, pericardial and pleural fluids, 
vitreous and aqueous humors no data are available from the literature as to 
the presence of free formaldehyd This is due largely to the character of the 
tests employed That is, these tests apply both to free formaldehyd and to 
formaldehyd liberated by the action of sulphuric acid (or other mineral acids) 
on hexamethylenamin 

VII Hexamethylenamin Does Not Liberate Free Formaldehyd in Body 
Fluids j Except when Truly Acid, Namely, Urine 
and Gastric Juice 

In the experiments to he described we have sought to determine 
whether hexamethylenamin exists as such or as free formaldehyd in the 
various body fluids and m freshly formed urme This was invesfagated 
m experiments on dogs as well as in observations on fluids from human 

27 Zak Wien klin Wchnschr , 1912, xxv, 151 

28 Armstrong, J J , and Goodman, E H Jour Am Med Assn , 1911, 
Ivi, 1553 

29 Barton, W M Jour Am Med Assn , 1910, Iiv, 871 

30 Gradle, W S Ophthalmic Record, March, 1911 

31 Whitham Arch Ophthalmology, 1912, xli, 604 

32 Nicolaier, A Ztschr f klin Med , 1899, xxxviii, 350 

33 L’Esperance and Cabot Boston Med and Surg Jour , clxvii, 577 

34 Jenness Jour Am Med Assn , 1913, lx, 662 

35 Sollmann Jour Am ^led Assn , 1908, li, 818 

36 Wiggs South Med Jour, Dec, 1910 
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boiDgs T]i 6 experiments on dogs consisted of injecting hexametliylen- 
amin directly into a ligated loop of intestine and noting the time of the 
appearance of hexamethylenamm and formaldehyd in the Mood and 
urine after shoit intervals of time 

All the animals received the regular laboratory anesthesia consisting 
of 0 02 gm per kilo of morpliin followed by ether A tracheal cannula, 
a carotid cannula (for collecting samples of blood) and a vein cannula 
for saline injections were inserted Laparatomy was performed, a long 
loop (40 cm ) of small intestine was exposed and injected with the 
hexamethylenamm dissolved m 100 c c of distilled watei S’rom 25 to 
50 c c of 0 9 per cent saline were injected each time that a sample of 
blood was drawn in order to replace the fluid lost by repeated bleeding 
and to mamtam diuresis throughout the experiment The urine was 
collected by insertmg a cannula into a ureter (usually the right) about 
5 cm above the point of entrance into the bladder In Experiment 5 
the uieteral cannula was placed as high as possible into the pelvis of the 
right kidney In this way freshly formed urine was available foi 
the tests 

Blood was collected from the left carotid artery at intervals of 
approximately five minutes Each sample measuied 10 to 15 cc This 
was rapidly defibrmated m a small evapoiating dish, the clot of fibrin 
withdravm and the remainder of the defibrmated blood was centrifugal- 
ized with a centrifuge possessing 3,000 revolutions per minute, which 
separates red blood-corpuscles from seium within five minutes, so that a 
perfectly clear and straw-colored supernatant fluid results Approxi- 
mately foul minutes were required for defibrinating and five minutes for 
centrifugalization Allowing one to two minutes for transfer of the 
serum, the entire process was completed in about ten minutes The 
phloroglucin test was then applied directly to the serum Inasmuch 
as the bromm-water test could not here be employed, a portion of the 
serum was leserved in each case, and this was distilled with a few drops 
of concentrated sulphuric acid and the phloroglucin test applied to the 
distillate 

The experiments were usually conducted until the height of hexa- 
methylenamin excretion had been reached in the urine, as judged by the 
character of the precipitates with bromm-water Then the animal was 
bled and finally killed with chloroform The remaining body fluids were 
now obtained by carefully opening the different cavities and pipetting 
out the contents Sufficient quantities of all fluids were usually obtained 
for the application of the tests, except cerebrospinal fluid For free 
formaldehyd, the phloroglucin test was directly applied and the presence 
of hexamethylenamm was detected by distillation in the same manner as 

in blood-serum 



TABLE 7 — ^Results of Examination of Body Fluids in ExPEBiiiENT Four 
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The results of the tests for formaldehyd m the fluids collected at 
different intervals were practically identical in all of the animals A 
detailed protocol of one of the experiments (Table 7) is here appended 
to illustrate the mode of procedure 

Experiment // —Dog weighing 8 G kg , 0 2 gm he^amethylenamm per kilo 
(total, 172 gm ) dissolved in 100 cc water and injected into ligated loop of 
intestine (50 cm ) at 10 54 a m 

Bromin water did not give a precipitate with the dog’s urine before the drug 
was given Secretion of urine small during first part of experiment, perhaps 
due to withdrawal of consideiable blood Later secretion of urine improved by 
injections (50 cc at a time) of saline Animal killed at 12 32 p m 

The data from all of the experiments have been concentrated into Table 8 


TABLE 8 — ^Liberation of Formaldehyd from 


Animal 

Experiment 

Number 

Hexamethyl- 
enamin, gm 
per Kilo by 

Intestine 

Blood 

Urine 

H 

F 

Time of Fust 
Appeal ance 
After Injec- 
tion (mins ) 

Total Time 
Under Ob 
sei vation 
(Mins ) 

H 

F 

Time of Fust 
Appearance 
After Injec 
tion (mins ) 

Total Time 
Under Ob 
servation 
(Mins ) 

Cat 1 

01 

H + 

5 

25 




2 0 kg 


F — 






Dog 2 

05 

H + 



H-f 

5 

69 

6 0 kg 


F — 



F + 

10 

64 

Dog 3 

05 

H + 

^ 5 

75 

H + 

5 

S3 

115 kg 


F — 

1 

75 

F + 

10 

78 

Dog 4 

02 

H + 

3 

29 

H-f 

13 

25 

8 6 kg t 


F — 


29 

F + 

21 

17 

Dog 5 

03 

H + 

4 

83 

H + 

12 

75 

5 6 kg t 


F — 


83 

F + 

26 

61 

Dog 6 

03 

H + 

6 

85 

H + 

9 

97 

8 0 kg 


F — 


85 

F + 

13 

88 

Average 


1 H + 

44 


H + 

9 



1 

F — 

0 


F-f 

16 



T Flow of mine scanty , , , , 

* “H” refers to hexamethylenamin, “F” re fers to free formaldehyd, 


-f- means present, 


COMMENT ON TABLE 8 

Blood The results as shown in Table 8 indicate that hexamethylen- 
amin appears in blood about five minutes after administration of the drug 
The maximum concentration appears in about thirty mmutes Of course, 
this will be influenced by the rate of absoiption It is shown that free 
formaldehyd did not appear in the bloods of any of the animals, and our 
protocols show that free formaldehyd was absent in aU of the samples of 
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blood collected The (H) concentration of blood-serum is known to 
be never below 7 0, and it may be slightly alkaline The bloods of several 
dogs which we have examined showed it to be 7 0 as a rule^ that is, it 
IS neutral This explains the absence of formaldehyd m bloods contain- 
ing hoxameihylenamin 

The bloods of fourteen different patients who received 2 gm each of 
hexamethylenamin before the sample was collected, showed the presence 

-t" 

of hexamethylenamin, but no free formaldehyd The (H) concentrations 
of their serums ranged from 7 4 to 7 15, the mean value being 7 2 

Hexamethvlenamiu in Bodt Fluids of Animals'* 


Other Body Fluids 


Contents of 
Ligated 
Intestine 

C e r e b r 0 - 
spinal Fluid 
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Fluid 
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— means absent, “tr” means trace 

Urine Table 8 indicates that hexamethylenamin appeared in the 
urine of dogs in approximately nine minutes after administration The 
time of maximum concentration, as judged by the character of the 
bromm-water precipitates, varied considerably in the different individ- 
uals, but m the animals with a good continuous secretion of urine it 
might be said to have taken place about foity-five minutes after 
administration 
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The average time of the appeal ance of formaldehyd was sixteen 
minutes , that is, somewhat delayed as compared with that of hexameth- 
ylenamin All of the niinary specimens collected weie acid to litmns, 
which means that lloey possessed a fairly high degree of acidity by the 

indicatoi method used for the estimation of (H) concentrations After 
formaldehyd made its appearance it was simultaneously present with 
hexamethylenamin in all of the fieshly voided specimens of urine of each 
animal. 

The greater portion of our data on urines was obtained from patients 
Confined and ambulatory patients were used In the case of the ambu- 
latory patients, 2 gm of hexameth 3 denamm were given by mouth and 
the urine was collected as often as the patient could void it The phloro- 
glucm test for free formaldehyd was applied to the freshly voided speci- 

+ 

mens m the dispensary and the (H) concentrations weie determined 
within two to three hours the urines being meanwhile preserved by 
toluol Patients that weie confined in the wards received continuous 
and different doses of hexamethylenamin, their urines were collected 
(with toluol) for periods of twenty-four hours and the tests and the 
acidity determinations were performed at the end of this time In some 
cases the urines stood for longer periods than twenly-four hours The 
data on urines have been placed in two separate tables (Tables 9 and 10), 
and will be treated separately 

COIVIMBNT ON TABLE 9 

Fleshly Voided Uitnes — Table 9 indicates that free formaldehyd was 
present in practically all (98 9 per cent ) of the urines which were truly 

+ 

acid, that is, with (H) concentrations greater than 7 0 Formaldehyd 
was absent in the majority (98 1 per cent ) of urines which were trulv 

alkaline, that is, those possessing (H) concentrations less than 7 0 
Certain of the tests have been recorded as doubtful This may be due 
either to a high dilution of the urines or to an insufficient amount of 
hexamethylenamin In general, the intensity of the formaldehyd reaction 

-f" 

was directly proportional to the (H) concentration of the urine, that 
IS, the higher the acidity the more intense the red color, and the lower the 
acidity the less intense the color, so that oftentimes only traces of color 
could be detected The indnidual piotocols showed that hexamethylen- 
amin was present in all of the fractional specimens voided 
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The demonstration of free fonnaldehyd in the freshly voided urine, 
and even in the urine from the pelvis of the kidney in the dog experi- 
ments, shows that liberation must occur within the kidne}^, and that the 
formaldehyd effect must begin somewhere in the tubules It is, therefoie, 
possible foT antiseptic action to occur at least m the pelvis of the kidney 


TABLE 9 — Relation of Hydrogen Ion Concentration to Liberation of Forilaldehyd 
FROJ i Hexametiiyienamin in Freshly Voided Urines 




Total No of 
Hevamethyl- 


Hydi ogen 
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6 15 

1 


6 1 

5 


60 

6 


5 95 

26 


59 

2 


5 85 
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5 82 
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58 
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5 75 
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57 
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5 65 
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56 
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5 58 
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5 55 

1 


55 

3 ' 


5 47 

1 


5 45 

1 i 


54 

4 


5 35 

i 1 


5 3 

3 


5 25 

1 


52 

3 

1 

5 19 

6 


5 1 

10 


5 0 

16 

1 

4 85 

1 


4 48 

1 


Total 

196 

60 


COIMAIENT ON TABLE 10 

Standing Uiines — It will be readily seen from Table 10 that prac- 
tically identical lesnlts were obtained with old urines as with freshly 
voided specimens That is, practicallj^ all of the urines which were tiuly 
acid showed the piesence of formaldehyd, while those which were truly 
alkaline liberated no foimaldeliyd It was stated that some of these 
urmes stood longer than twenty-four hours Among these were urines 

-h 

wliich weie truly alkaline (H) concentrations less than 7 0, and after 
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standing two to thiee days they still showed no formaldehyd, although 
the quantity of hexamethylenamin present was abundant as was indicated 
by the character of the bromin-water precipitate Ko formaldehyd, 
therefore, could be liberated in a bladder containing alkaline urine It 
IS conceivable, however, that m such cases formaldehyd liberated m the 
kidney might continue to act for a time in the bladder This phase 
needs further investigation 

Cei eh ospinal Plmd — Table 8 shows that hexamethylenamin, but no 
free formaldeliyd, appears in the cerebrospinal fluids of dogs The 
quantities obtained were usually so small that not enough of the fluid 
+ 

was available foi (H) concentration determinations 


TABLE 10 — ^Belation or Htdbogeit Ion Concentbation to Liberation of Formaldehyd 

FROM Hexamethylenamin in Standing Urines 
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Observations as follows were made on patients Hexamethylenamin 
in different doses was given by mouth, and after a given interval of time, 
lumbar puncture was performed and the fluid was collected directly into 
a test-tube The phloroglucin test for free formaldehyd was immediately 
applied directly to the fluid The same mixture was then distilled after 
the addition of a little sulphuric acid and the same test was applied to 
the distillate IVlien positive this indicated the presence of liexamethyl- 
enamin The data obtained have been placed m Table 11 


37 We wish to express our thanks to Drs McClelland, Gammon, MacGregor, 
Lowe and Scott of the medical service of Lakeside hospital for collecting fluids 
from these patients 
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GOmiENT ON TABLE 11 

The results as shown in Table 11 indicate that hexamethylenamin 
appears in tJie cerebrospinal fluid about thirty to foity-five minutes after 
administiation This is practically confirmative of Hald/^ who reported 
fortj'^-five minutes It is seen that no free foimaldehyd appeared at any 
time in any of the fluids examined The dosage varied fiom 40 giains 
(3 2i gm ) to 840 grains (54 5 gm ) Patient M V, who had received 
20 grains every two hours for fifty-one hours, whose total dosage 
amounted to 1,020 grains (66 2 gm ), and whose fluid was obtained on 
thiee consecutive days, showed no free formaldehyd at any time At the 
end of this time theie was marked vesical irritation with hematuria and 
the mine showed a high concentration of formaldehyd 
+ 

The (H) concentration was not obtainable in all of the fluids on 

+ 

account of their limited supply Patients S and E showed (H) con- 

+ 

centrations of 7 3 and 7 1, lespectively It is known that the (H) 
concentration of cerebrospinal fluid is about like that of serum This is 
confirmed by the fluids of other patients which have been examined by 
us , that IS, the tendency of the fluid is to be slightly alkaline or neutral 
This IS, undoubtedly, the reason why free formaldehyd is not liberated 
from hexametlijdenamm in cerebrospinal fluid The absence of formal- 
deliyd indicates that there can be no antiseptic action in the spinal canal 
Othei Body Fluids — Table 8 shows that hexamethylenamin appears 
in the following fluids pleural, pericardial, synovial, aqueous and vitreous 
humors In no case could free foimaldehyd be detected Usually not 
enough of the individual fluids could be obtained for determinations of 
+ 

the (H) concentrations, but an examination of the fluids of two othei 
healthy dogs showed that they are all neutral (7 0) 

A child suffering with a tuberculous pleuntis was given one gram of 
hexametbylenamin befoie the chest puncture was made Two hundred 
c c of a nearly colorless, but slightly tuibid fluid were obtained, and this 
showed tlie presence of hexamethylenamin, but no free formaldehyd 

The (H) concentration was 71 In other words, it was slightly alkaline 
and this explains why no free formaldehj^d was liberated 

In April, 1911, the vaginal dressings®® of four parturient women 
receiving hexamethylenamin were examined for the presence of free 
formaldehyd and hexamethylenamin The lochia of these patients were 
light-straw coloied, having been collected in each case about the tenth 
day of parturition Two gm of hexamethylenamin were given to each 

38 We are indebted to Prof Arthur H Bill of the Department of Obstetrics 
for this material 
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patient and the vaginal dressings were removed at the end of six to eiglit 
hours These were then extracted with distilled water The phloroglucin 
test for formaldehyd was then applied diiectly to the extracts and a 
portion was distilled with sulphuric acid Hexamethylenamm was 
found present in each case, but no free formaldehyd 

Gastiic ^uice, on account of its relatively high acidity, should liberate 
formaldehyd readily Accordingly, we found both fiee formaldehyd and 

+ 

hexamethylenamm in stomach washings (H) =4 0) of a patient receiv- 
ing hexamethylenamm 

CONCLUSIONS 

Following the administration of hexamethylenamm, the substance 
itself can be detected m all of the body fluids Fiee formaldehyd does 
not appear m any of the body fluids which are neutral or tiuly alkaline 
This mcludes blood, cerebrospinal, pleural, pericardial and synovial 
fluids, aqueous and vitreous humors, saliva, bile and some urines TJrmes 
which are truly acid and contain hexamethylenamm practically always 
contain formaldehyd Uiine is the only body fluid, except gastric ^uice, 
which exhibits true acidity, hence, it is heie only that liberation of 
formaldehyd from hexamethylenamm can take place 

VIII Effect of the Admimstmtion of Monosodium Phosphate on the 
Reaction of Urine and Liberation of Foimaldehyd 
Since the acidity of urine depends on the presence of monosodium 
phosphate (ISTaHoPO^) and disodium phosphate (NajHPO^), it would 
be mterestmg to know if the acidity of urine can be increased by the 
administration of the monophosphate Its admmistration has been 
advised for this purpose The acidity could conceivably be mcreased m 
two ways 1 By increasing the concentiation in the urine through an 
increased absorption of the phosphate Z By dimmishing the relative 
concentration of the bases of the tissues at large, thereby simultaneously 
mcreasmg the concentration of the monosodium phosphate which then 
would be excreted and increase its concentration m the urine This is 
perhaps more probable because of the limited absorbability of the phos- 
phate, as indicated by the experiment, a statement of which follows 

Subject P J H took 13 gm of monosodium phosphate at irregular inter- 
vals Avithin three houis and forty minutes on a starvation day The urines irere 
collected in fractions and the acidities of the urines as well as the stools "were 

-p 

determined according to the (H) concentrations On previous occasions (two 
or three days preceding the experiment) the urine of P J H , while on a con- 

+ 

stant and mixed diet had been collected, and the (H) concentrations were 
determined m the fractional specimens throughout these periods The urine 

+ 

possessed constantlv a low acidity, that is, the average (H) concentration was 
about 6 8 Protocol of the phosphate experiment is given in full (Table 12) 
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Dunng the day previous to the experiment he had received 2 gm of hexa- 
raethylenamin On the day of the experiment, breakfast consisting of 1 cup 
of coffee and 2 biscuits with butter was taken at 8 a m , no other food was 
taken during the day, about 200 cc of water was taken with each dose of the 
phosphate 


TABLE 12 — ^RcstiM or Expebiment with Monosodiem Phosphate 


Time 


Hydiogei 

Ion 

Concen- 

tration 

Hexa- 

methyl- 

enamin 

Foi- 

maldeyd 

Eemarks 

8 30 a m 

Passed stool, well-foimed. 






same as usual 





10 35 

Voided urine 

6 45(V) 

+ 

+ 


11 00 

Took 2 gm NaHoPOi 





11 10 

Voided urine 

72 

+ 

— 


11 20 

Voided urine 

67 


— 


11 40 

Voided urine 

6 55 

■ — 

— 


11 45 

Took 2 gm NaHjPOi 





12 03p m ' 

Voided urine 

6 35 

— 

— 


12 05 

Took 2 gm hexamethyl- 






enamin 





12 16 

Took 4 gm !N’aH 2 P 04 





12 20 

Voided urine 

6 38 


— 

Sensation of warmth in 

12 40 

Voided urine 

6 38 

+T 

+ 


1 




gastric region 

12 43 

Took 1 gm NaHjPOd 




Watery stool, suggestion 

1 05 

Voided urine 

6 30 

+T 

+t 






of nausea 

1 35 

Voided urine 

5 70 


+f 

Profuse watery stool. 




! 


nausea 

1 40 

Took 2 gm NaH-POd 

1 

1 

1 +t 


2 15 

Voided urine 

! 5 85 

+t 



2 18 

Took 1 gm NaHjPO* 


1 

1 

1 

/ 


2 21 

Profuse watery stool 




Profuse watery stool, 

2 30 

Voided urine 

5 82 

+ 

+ 



clear almost like 
water, nausea 




2 40 

Took 1 gm NaHjPO* 





3 08 

Took 0 5 gm hexamethyl- 






enamin 


+ 

-k 

+ 

+ 


3 13 

3 40 

Voided urine 

Voided urine 

50 

4 85 

Watery stool , light 
amber H — , P — 





+t 

+t 

+ 

(H) =70 

4 25 

4 38 

Voided urine 

Voided urine 

5 40 

5 75 

+ 

+ 

Desire to micturate after 
bladder is emptied 

4 40 

Watery stool 

70 

+t 

— 

P, by phloroglucin direct, 

H, by distillation 

4 48 

4 52 

Voided mine 

Watery stool 

5 80 

70 

+t 

+t 

-ft 

Tests same as at 4 40, 

5 00 to 7 00 p m. 






five watery stools 


*Irot from I. 36 p m to 4 52 p , .nclumve, gav. marked rvtate Soeeuleat 

precipitates with magnesia mLxture 
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COMMENT ON TABLE 12 

It IS seen from Table 12 that the acidity of the iinne giadnally 
increased dm mg the course of the administration of the phosphate, a 
result similar to certain ones obtamed by L J Henderson and Palmer 

* 4 * 

In the fore part of the experiment, the (H) concentration of the 
urine was veiy low, that is, 7 2 and 6 7 At the end of four hours and 

forty minutes after the administration of the salt was begun, the (H) 
concentration reached its maximum, that is, 4 85 This coi responded 
piactically to the strength of a standard solution consisting of mono- 
sodium phosphate alone In other words, at this time practically pare 

+ 

acid phosphate was being excreted in the urine After this, the (H) 
concentiation gradually began to dimmish again, although the urine still 
remained markedly acid Throughout the course of the experiment a 
more marked acidity of the urine was obtamed than has been observed 
foi some t]me in this subject Two gm of hexamethylenamm were 
taken during the course of the experiment This appeared m the urine 
m fifteen minutes after administration and formaldehyd was present m 
all of the fractions which were truly acid It was noticed that as the 
acidity increased the intensity of the formaldehyd reaction increased also 

During the experiment seveial watery stools were passed The first 
stool appeared after 9 gm of the salt had been taken, and within two 
hours and five minutes after the first dose was administered In all, 
twelve stools appeared within six hours after the first stool All of the 
stools were very thin and watery, straw-colored and contained a few 
shreds of mucus and presumably a little bacterial rest On shaking, 

they frothed, and possessed an odor suggestive of fresh blood, consisting 

-f- 

to some extent, perhaps, of serum The (H) concentrations of each 
of three of the later specimens was 7 0 , that is, the reaction was neutral, 
and on the addition of magnesia mixture they gave voluminous precipi- 
tates showing that they contained a large quantity of phosphate The 
stools showed the presence of hexamethylenamm, but did not exhibit free 
formaldehvd 

This shows that the monosodium phosphate in its passage through 
the gastro-intestmal tract became neutralized and was to a large extent 
eliminated unabsorbed It can be inf ei red fiom this that there was a 
depletion of bases of the blood and tissues at laige to such an extent as 
to neutralize the acid phosphate Durther evidence of this exists in the 
fact that the aciditj’* of the urme had been markedl}’’ mcreased That is, 
the urme contained a high concentiation of the acid monosodium phos- 


39 Henderson, L J , and Palmer Jour Biol Chem , 1913, xiv, 81 
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phate because of the mpovenshment by the basic phosphate of the 
available sources for urine formation (blood and tissues at large) It is, 
therefoie, possible to inciease the true acidity of the urine at the expense 
of the bases of the blood and tissues at large 

Subject E J C took 5 gm of monosodium pbospbate (1 gm to a dose at 
intervals of a half hour) withm three hours One gm of hexamethylenamin 
was taken with tlie iiist dose of the pJiosphate On a previous day the urine had 

+ 

been rendered alkaline by taking sodium bicarbonate The average (H) 
concentration of six fractional urines was 7 25 and hexamethylenamin was present 
in all specimens, but no free formaldeliyd The next three specimens obtained 


TABLE 13 — ErrLCT or Sonimt Bicarbonate on Liberation of Eorjialbehtd 


Time 


Hydrogen 

Ion 

Con- 

centration 

Hexa- 

methyl- 

enamin 

Por- 

maldehyd 

11 00 a m 

Voided mine 

6 45 

+* 

+t 

11 15 

Voided urine 

65 


+ 

11 20 

Voided urine 

6 52 


+ 

11 30 

Voided urine 

51? 


+ 

11 33 

11 40 

11 62 I 

Took 1 gm NaHCOj 

Took 1 gm NaHCOj 
Voided urine 

67 1 

+* 

+t 

11 55 

12 05 p m 

12 20 

Took 1 gm NaHCOj 

Took 1 gm NaHCOa 
Voided urine 

6 92 

+* 

+t 

12 40 

Voided urine 

TO 

+* 

+ ? 

12 58 

Voided urine 

72 

! +* 

— 

1 20 

Voided urine 

74 

+* 

— 

1 SO 

Voided urine 

74 

+* 

1 

5 00 

Voided urine 

74 

+ 

— 

5 30 

Voided mine 

72 

+ 



* Strong Thrace += present — = absent 


within the next three hours showed (H) concentrations of 6 6, 6 2 and 5 95, 
respectively All of the specimens showed the presence of free formaldehyd 
This experiment shows that the alkaline urinary fractions contained hexa- 
methylenamin, but no free formaldehyd, and that as soon as the urine became 
truly acid, free formaldehyd was detectable Presumably, the change in the 
reaction of the urine, that is, from alkalinity to acidity, was due to the mono- 
sodium phosphate 

CONCLUSIONS 

In an individual whose urine commonly shows a low degree of acidity 


it IS possible to increase the acidity, that is, the (H) concentration, 
by the administration of monosodium phosphate This gives rise to a 
profuse diarrhea and the stools contain the phosphate neutralized Hexa- 
Lthylenamin given by mouth at the same time appears unchanged in 
the sLls, but formaldehyd is present m all fractions of urine which are 
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truly acid The intensity of the formaldehyd reaction appears to he 
directly proportional to the acidity of the urine 

IX The Admimsti ation of AUcali Renders the Urine Allcahne and 
Inhibits the Liberation of Foi maldehyd fiom 
Hexamethylenamin 

This was shown in the following manner Sodium bicarbonate was 
administered by mouth during a course of hexamethylenamin medication 
The urine was collected in fractions and the phloioglucm test was applied 
to the freshly voided urine The reactions of the fractional urines were 
detei mined in the usual way A protocol illustrative of the effect of 
sodium bicarbonate is here presented in detail 

Subject P J H , took 2 gm of bexametbylenamin at 10 40 a m About 
200 c c of -water was taken at four difierent tunes 

For results, see Table 13 

A second experiment on another sub 3 eet gave similar results 

COMMENT ON TABLE 13 

It is seen from Table 13 that the administration of sodium biear- 

+ 

bonate diminishes the (H) concentration of the urine (also observed 
by L J Hendeison and Palmer^®), so that the urine becomes truly 
alkaline Previous to the administration of the bicarbonate, several 

■4- 

fr actions of urine showed an average (H) concentration of 6 5 This 
was then reduced to a concentration of 7 4, which indicates true alka- 
linity Hexamethylenamin and formaldehyd were present in all of the 
fractions which showed true acidity, but formaldehyd failed to appear 

when the urine became truly alkaline (H) concentrations of 7 2 and 7 4 
Six dispensary patients were given variable doses of potassium citrate 
together -with hexamethylenamin From some the urines were collected 
while the patients remained at the dispensary, others took the citrate 
over night and urines were collected the following day In all, thirty- 

+ 

four fractional urines were collected, and the (H) concentration read- 
ings in the different patients ranged as follows Patient V , 6 9 to 
7 15, Patient J , 7 16 to 7 3, Patient K, 6 95 to 7 2, Patient F , 7 0 to 
7 4, Patient P , 6 95 to 7 3 , Patient D , 7 16 to 7 3 Hexamethylenamin 
was present in all of the freshly voided specimens, but no formaldehyd 
could be detected The specimens were allowed to stand twenty-four 
hours and the phloroglucin test was again applied In none of the 
specimens could any free formaldehyd be detected 

Disodium phosphate (KasHPO^) and hexamethylenamm were 
administered to one sub 3 ect on two different occasions; once, to another 
subject Three gm of the '^alt were taken each time and fractional 



GOS THE ARGEI7ES OF INTEBFAL MEDICINE 

phate because of the impoverishment by the basic phosphate of the 
available souices foi mine foimation (blood and tissues at large) It is, 
theiefore, possible to increase the true acidity of the urine at the expense 
of the bases of the blood and tissues at laige 

Subject R J C took 5 gm of monosodium phosphate (1 gm to a dose at 
intervals of a half hour) within three horns One gm of hexamethylenamin 
was taken wutli the fiist dose of the phosphate On a previous day the urine had 

been rendered alkaline by taking sodium bicarbonate The average (H) 
concentration of six fractional urines was 7 25 and hexamethylenamin was present 
in all specimens, but no free formaldehyd The next three specimens obtained 


TABLE 13 — Effect of Sonimr Bicaiibonate on Ltbeeation of Pobjialdehtd 


Time 


Hydrogen 

Ion 

Con- 

centration 

Hexa- 

methyl- 

enamin 

For- 

maldehyd 

11 00 a m 

Voided unne 

6 45 

+* 

+T 

11 15 

Voided urine 

65 

+* 

+ 

11 20 

Voided urine 

6 52 


+ 

11 30 

Voided urine 

6 1? 

+* 

+ 

11 33 

11 45 

11 52 1 

Took 1 gm NaHCOa 

Took 1 gm NaHCOs 
Voided urine 

67 

+* 

+t 

11 65 

12 05 p m 

12 20 

Took 1 gm NaHCO, 

Took 1 gm NaHCOj 
Voided urine 

6 92 

+* 

+t 

12 40 

Voided urine 

7 0 

+* 


12 58 

Voided urine 

72 

+* 



1 20 

Voided urine 

I 74 

+* 

■ 

1 50 

Voided urine 

74 

+* 



5 00 

Voided urine 

74 

+ 

i 

5 30 

Voided unne 

1 

72 

+ 



* Strong t Trace + = present — = absent 


within the next tliiee hours showed (H) concentrations of 6 6, 6 2 and 6 95, 
respectively All of the specimens showed the presence of free formaldehyd 
This experiment shows that the alkaline urinary fractions contained hexa- 
methylenamin, but no free formaldehyd, and that as soon as the urine became 
truly acid, free formaldehyd was detectable Presumably, the change in the 
reaction of the unne, that is, from alkalinity to acidity, was due to the mono- 
sodium phosphate 

CONCLUSIOIfS 

In an individual whose urine commonly shows a low degiee of acidiiy 

It IS possible to increase the acidity, that is, the (H) concentration, 
by the administration of monosodium phosphate This gives rise to a 
profuse diarrliea and the stools contain the phosphate neutralized Hexa- 
methylenamin given by mouth at the same time appears unchanged m 
the stools, but formaldehyd is present in all fractions of urine which are 
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truly acid The intensity of the foimaldehyd reaction appears to he 
directly pioportional to the acidily of the urine 

IX The Adimmstiation of Allah Tcndos the Urine Alhahne and 
Inhihiis the Liberation of Foimaldehyd fiom 
Hcxamcihylcnamin 

This ^vas shouTi in the following mannei Sodium hicarhonate was 
administered by mouth during a couise of hexamcthylcnamin medication 
The urine was collected in fi actions and the phloioglucin test was applied 
to the freshly voided urine The reactions of the fractional urines weie 
determined m the usual way A protocol illustratne of the eflect of 
sodium bicarbonate is here presented in detail 

Subject P J H, took 2 gm of bovaniclliylonnimin at 10 40 a ni About 
200 c c of "water was taken at four difleront limes 

For lesiilts. see Table 13 

A second experiment on another sub 3 ect gaie similax lesults 

COXI3UENT ON TABLE 13 

It IS seen from Table 13 that the admmistration of sodium bicar- 

4 " 

bonate dimmishes the (H) concentration of the urine (also observed 
by L J Hendeison and Palmei^*’), so that the urine becomes truly 
alkaline Previous to the admmistiation of tlie bicarbonate, several 

+ 

fractions of urine showed an avoiage (H) concentration of 6 5. Thi‘5 
was then reduced to a concentration of 1 4, which indicates true alka- 
Imity Hexamethylenamm and formaldehyd were present m all of the 
fractions which showed true acidity, but formaldehyd failed to appear 

+ 

when the urme became truly alkaline (U) concentrations of T 2 and 7.4 
Six dispensarj’^ patients were given variable doses of potassium citrate 
together with hexamethylenamm Fiom some the urines weie collected 
while the patients remained at the dispensaiy, others took the citrate 
over night and iiimes were collected the follo'uang day In all, thiit}'- 

- 1 - 

four fractional urmes were collected, and the (H) concentration read- 
ings in the different patients ranged as follow^s Patient V , 6 9 to 
7 15, Patient J, 7 16 to 7 3, Patient K, 6 95 to 7 2, Patient F, 7 0 to 
7 4, Patient P , 6 95 to 7 3 , Patient D , 7 16 to 7 3 Hexamethylenamm 
was present in all of the freshly voided specimens, but no foimaldehyd 
could be detected The specimens weie allowed to stand twenty-foui 
horns and the phloroglucin test was again applied In none of the 
specimens could any free formaldehyd be detected 

Disodium phosphate (Ha 2 HP 04 ) and hexamethylenamm were 
administered to one subject on two different occasions, once, to another 
subject Three gm of the salt were taken each time and fractional 
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specimens of nrme were collected as in previous experiments The urines 
at all times v^ere tmly acid and contained Iiexamethylenamin and free 
formaldehyd 

CONCLUSIONS 

The administration of sodium bicarbonate and potassium citrate 
alteis the leaction of acid urine to true alkalinity, and the liberation of 
formaldehyd from such urines containing hexamethylenamin is inhibited 

X The Rationale of Hexamethylenamin Therapy 

From the foregoing correlation of chemical experiments with bacteri- 
ological and clinical data, it is clear that hexamethylenamin acts as an 
antiseptic only in proportion as it liberates formaldehyd, and that this 
libel ation can only occur when the reaction is truly acid Free formal- 
dehyd IS an efldcient bactericide in comparatively high dilutions Such an 
efficient concentration, no doubt, can be attained in normally acid urine 
It IS only in vesico-urmaiy conditions where we can expect any beneficial 
therapeutic action after the administration of hexamethylenamin, because 
urine is the only body fluid whose reaction may be altered, if necessary, 
to such an extent that liberation of formaldehyd from hexamethylenamin 
will be facilitated This is not possible with other body fluids inasmuch 
as their neutrality or a slight tendency to alkalinity is rigidly maintained 
I^'o beneficial therapeutic responses, therefore, are to be expected in 
meningeal mfeetions, infections of the cerebrospinal fluid or about the 
spinal cord, or of the infections of the ear, eye, sjmovial, pericardial or 
pleural fluids We have not yet determined the position of bile in this 
respect On account of the rapid absorption of hexamethylenamin and 
of the usual alkalinity of the bowel contents, no bacteiicidal action can 
be expected in the intestinal canal It was shovm in our experiments that 
the administration of monosodium phosphate (]SraH2P04) does not alter 
the reaction of the fluid from the intestines, and that the hexamethvl- 
enamin present under such conditions passes through the bowel 
unchanged The administration of the monosodium phosphate increases 
the true acidity of the urme and the concentration of formaldehyd in 
such a urme containing hexamethylenamin is markedly increased In 
the urine, therefore, an opportunity presents itself to increase the effi- 
ciency of hexamethylenamm therapy This can be accomplished by the 
administration of the monosodium phosphate until the urine when tested 
with the phloroglucm reagent gives a reaction for formaldehyd This 
test indicates quite closely the turning point m the reaction of urine 
That IS, at approximately the point of neutrality or beginning alkalinity 
it will no longer give a positive formaldehyd test with a hexamethylen- 
grriin uTine, but as soon as such a urme begms to be truly acid it gives a 
positive test for formaldehyd A urme which has been previously alka- 
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line, that is, jiossessiiig a liydiogen ion concentiation of 7 2, can be 
rendered acid, that is, increased to a hydiogcn concentiation of d 85 
within appioximately five honis after the adniinistiation of 13 gin 
(200 giains) of the phosphate If the occiiiience of diarihca is objec- 
tionable, rhe dosage of the phosphate may be i educed 

On the othei hand, the administration of alkalies, such a^^ sodium 
bicarbonate (NaHCO,) oi potassium citiate, entirely prevents the 
benefits of hexainethylenamin, and it is, Iheiefoie, ii national to pi escribe 
them togethei Oui data weie obtained laigely fiom noimal indiMdiiah, 
but so far as uiine is concerned it nonld perhaps make little oi no 
diffeience as to the liehaMor of liexamethylenamin in iiiincs in Aarioii': 
pathological conditions, since it is the reaction which is the essential 
factor 111 determining the decomposition Recentlj', it has been shown 
by Henderson and Palinei’*® that mines in a great vaiiety of pathological 
conditions aie trul} acid, that the tendenc}’ in man}" conditions is to a 
highei acidit}" than is noimally found in urine of the aieiage person 
Such pathological mines would facilitate the libciation of formaldclnd 
fiom hesamethvlenamin 

Concerning other body fluids om pathological data are as yet too 
scant to offei any suggestions m this diiection We ha\c had thus fai 
ten cerebrospinal fluids and one plemal exudate, and fiom the fact that 
they contained no fiee formaldeh 5 '’d, it may be contended that no bac- 
tericidal action could Ime been expected It is possible, if not piobahlc. 
that the hydrogen ion concentiation in certain othei pathological fluids 
may be high enough to facilitate the liberation of foimaldehyd fiom 
liexamethylenamin With this end in view, the study of various path- 
ological fluids is being continued 

We ivish to express our thanks to Professor Sollmnnn for achico, and for 
criticism of the manuscript, to Professors IToovor and Phillips, and to Dr 
Lester H Tayloi of the IMedical SeiMce foi pei mission to use clinical material 


SUMMAJlT ‘ 

1 The phloroglucm test is the most delicate and most useful test 
for free formaldehyd 

2 Alkalies pievent, wlule acids facilitate the liberation of formal- 
debyd fiom hexamethylenamin in all body fluids 

3 The liberation of formaldehyd from liexamethylenamin in path- 
ological fluids obeys the same laws as in othei solutions ; that is, it can 
only occur in acid reaction Even when 0 5 per cent hexamethylenamin 
was added to them, not enough formaldehyd was liberated to he 
bactericidal 


^2 ^^^^^’^son, L J , and Palmer Jour Biol Chem , 1913, \ni, 3D3 
ihe numbers refer to the sections in the text 
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4 Hesamethylenamm itself is not bacteiicidal 

5 Liberation of formaldeliyd from bexamethylenamin depends on 
the excess hydrogen ion concentration of the solution above the neutral 
point 

6 Previous investigations leave us in doubt as to the behavior of 
hexamethylenamin in the body 

7 After administration, hexamethylenamm is present, but does not 
liberate free formaldehyd m blood, cerebrospmal, pleural, pericardial and 
sjmovial fluids, vitreous and aqueous humors, and urine when truly 
alkaline Pormaldehyd is liberated in urine which is truly acid, and in 
the acid gastiic contents 

8 Administration of monosodium phosphate with hexamethylen- 
amin renders the urme acid and facilitates the liberation of formaldehyd 

9 The admimstiation of alkali with hexamethylenamin renders the 
mine alkaline and inhibits the liberation of formaldehyd 

10 The beneficial therapeutic effects of hexamethylenamm depend 
on the liberated formaldehyd Such effects are to be expected princi- 
pally, if not always, m acid urme only It is irrational to prescribe 
alkalies (bicarbonate and citrate) together with hexamethylenamm 
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THE "TYPHOID-CAERIBir STATE IH BABBITS AS A 
METHOD OE DETERMIHIHG THE COMPARATIVE 
IMMUNIZING VALUE OF PREPARATIONS 
OF THE TYPHOID BACILLUS 
STUDIES IN TYPHOID IMMUNIZATION I* 

FREDERICK P GAY, MD, and EDITH J CLAYPOLB, MD 

BERKELLV, CAE 

INTRODGCTORr 

Propli 3 dactic immunization against typhoid fmer offeis sufficient 
seeuiit}^ against subsequent infection to lender its geneial application 
adrocablo Such application is not only becoming lude-sjiiead and 
niaudatoiy in segiegated, contiollabJo bodies like ai lines, but has pioved 
very advantageous in communities in geneial In sun eying the ahead} 
extensive statistical literatuie, one becomes convinced of the lelative pio- 
teetion against t}phoid fevei that is en] 0 }ed by those vho have been 
immunized with preparations of the Uphold bacillus, one is likewise 
convinced that the lesults obtained and the methods of immunization 
followed leave much to be desiied 

Why should the lesults of immunization against typhoid infection be 
less peifect than those obtained in small-po\ and labies? Wliy should 
artificial immunization with the typhoid bacillus olTei so much less peifect 
protection than recovery fiom typhoid fevei ^ In lespect to the method 
employed we may well question why 600,000,000 killed typhoid bacilli is 
the recommended dose, and why the interval at which this dose should be 
repeated is aibitraiily set at seven oi ten days The fact is that we possess 
only too little mfoimation of an exact sort about methods of prophylactic 
immunizing with bacteiia in geneial In the case of antityphoid immuni- 
zation, empiricism rathei than experimentation, has laigely determined 
the method employed The results attained are so good that they should 
be bettei, and it would seem that the time has ariived to letuin to animal 
expel imentation in ordei to save time in detei mining the ultimately best 
method of piotecting man 

The best evidence that the most satisfactoiy method has yet to be 
determined lies m the fact that a number of methods are still being 

*From the Hearst Laboratory of Pathology and Bacteiiology, University of 
California 

* Submitted for publication Sept 24, 1913 
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advocated I’liedberger/ m his exhaustive article on antityphoid immuni- 
zation, mentions no less than twelve well-recogmzed prepaiations of the 
typhoid bacillus which may be employed Paladino BlandinP has actually 
endeavored to test the comparative immunizing value of seventeen differ- 
ent typhoid preparations In addition to the actual preparation to be 
emplo 5 '’ed, we have to consider the dose used, the method of estimating 
the dose, the intervals between doses and the like 

The chief leason why animal expei imentation has not done more to 
perfect the method of typhoid vaccination is the reasonable skepticism 
which obtains at transferring results attained in a vastly different and 
artificial infection in animals to a veiy characteristic human disease 
There seems little or no resemblance between the more or less common 
type of peritonitis produced in the guinea-pig by the tj^hoid bacillus 
and actual typhoid fever Until very recently it has been supposed that 
nothing resembling typhoid fever m man could be produced in animals 
In 1911, Metchmkoff and Besredka® described a disease in chimpanzees 
which had been given food contaminated with the excreta from typhoid 
fevei patients, which resembled in practically all details the human syn- 
drome They further attempted to utilize this experimental disease as a 
means of comparing the immunizing value of vaiious typhoid piepaia- 
tions Their results even in the limited aspect of the problem they 
attacked can hardly be regarded as conclusive in view of the necessarily 
small number of animals employed and the fact that their tentative 
results differ from what is known to be true in man We shall consider 
their report more fully later, but here it maj be noted simply that desiia- 
ble as tests might be in the experimental disease most closely simulating 
typhoid fever in man, it would be impossible from the item of expense 
and supply alone to carry out any extended experiments on these animals 

PRODUCTION OF AN ARTIFICIAL TVPHOID-CARRIER STATE IN 

RABBITS 

It has been known since the obsei rations of Blackstein^ and Welch® in 
1891, that living Uphold bacilli injected into the circulation of rabbits 
can subsequently be recovered in pure culture therefrom, for consideiable 
peiiods of time Further work has served to explain the natuie of this 

1 Fnedberger Die Metlioden der Schutzimpfung gegen Typhus, ICiaus and 
Levaditi’s Handbuch der Immunitatsfoischung, 1908, i, 723 

2 Paladino, Blandmi Profilassi specifica del tifo addominale, Ann d’lg sper , 
XV, 1905, 295 

3 Metchmkoff and Besredka Eecherches sur la fihvre typhoide expei imentelle, 
Ann de ITnst Pasteur, 1911, xxv, 193 

4 Blackstein Intravenous Inoculation of Babbits with Bacillus Coli Com- 
munis, and the Bacillus Typlii Abdominalis, Bull Johns Hopkins Hosp , 1891, 

5^ Welch Additional Note Concerning the Intravenous Inoculation of the 
Bacillus Typhi Abdominalis, Bull Johns Hopkins Hosp , 1891, ii, p 121 
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^'^carriei” condition moie fully The injections must be intiavenous to 
yield positive lesnlts,® and it is evident from the vaijing success of dif- 
ferent obseiveis tliat not all strains of tbe tjplioid bacillus give equally 
good results It is clear from tlie lesiilts of Morgan/ Kocb,® Doerr,® and 
Johnston, 10 that the peimanent leseivoii of the organism is the gall- 
bladdei, nhich is invaded n itliin tno liouis after intravenous inoculation “ 
It inaj be that, iindei usual conditions the circulation is only invaded 
periodical!}, vliich vould explain ivh} Johnston failed to get positive 
cultuies fiom the blood with regulaiih before the period fiom the seventh 
to the tenth day. and also nould indicate the reason wh} Doeii failed to 
obtain positive blood-cultuies after the fourth day It is ceitain that 
failuie to produce a carrier should not be judged fiom a single blood- 
culture At all events, cultuies from the gall-bladdei are positive moie 
constantly and foi longer periods than cultures from the blood Constant 
lesions of the gall-bladdei have been described by Chiiolanza in particular 
and will be furthei detailed in connection uith our own protocols 

The persistence of the typhoid bacillus in the labbit has been noted 
for valuing lengths of time m the blood for 58 days (Chiiolanza) , 109 
da}s (Blackstem) , 127 da}S (Johnston), and in the gall-bladder for 
even longer periods ISO dais (Chlenhuth and ileeserschmidC^) , 75 
da}s (Morgan), 120 da}s (Doen) The organisms are apparently 
eliminated thiough the intestine in which they have been found by Doeii 
in the mucosa up to 120 dais aftei inoculation Tlic} ueie likeuise 
repeatedly found in the feces b} l\Ioigan and bv Johnston 

The actual pathogenicity foi rabbits of strains of the t} phoid bacillus 
capable of pioducing the caiiiei state in these animals does not appear to 
have received paiticulai attention from previous obseiveis Morgan 
mentions, without fuither particulars, that tv,o out of twelve of his 
animals died m twelve hours Similar observations were made by Chiio- 
lanza Johnston mention': the obtaining of positive cultuies from bile 
and blood in nearly all fatal cases, but does not gne the peicentage of 
carrier rabbits that died Another point of paiticulai interest m new of 
our employment of the carrier state as a means of demonstrating the 

6 Clurolanza Expeniuentelle Unteisuclmngen ubei die Bezielmng dei Typlnis- 
bacillen zu dei Gallenblase und den Gallen-vvegen, Ztscbr 1 Ilyg n Infections- 
krankh, 1909, Kn, 11 

7 Morgan Attempts to Produce tbe Typboid-Can lei State in tbe Rabbit, 
Jour Hyg, 1911, xi, 202 

8 Kocb Typhusbacillen und Gallenblasen, Ztscbr f Hyg , 1909, Kii, 1 

9 Doeri Expel imentelle Untei suebungen ubei das Eoitwucbein von Typbiis- 
bacillern in dei Gallenblase, Centralbl f Bakteiiol , 1905, Ong xxxix, 624- 

10 Jobnston Experimental Typboid-Cariier State in tbe Rabbit, Joui 
Researcb, 1912, xxvii, 177. 

11 Uhlenbutb and Messer scbmidt Versuebe Kanrncben zu Typbrrsbacrllen- 

Tragern zu macben und sre tber apeutiscb zu beemflussen, Deutscb med Wcbnscbr 
1912, xxxvni, 2393 ’ 
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absence or presence of an active immunity is the uniform presence of 
agglutinins in positive rabbits (Morgan, Johnston, Doerr) 

The typhoid-carrier state in rabbits has been used as a means of 
testing certain theiapeutic measures Conradi^^ has shown that daily 
doses of chloroform in oil or milk given by the rectum suffice to cure the 
carrier rabbits Hailer and Eimpau^^ have obtained similar results with 
methyl lodid and iodoform Johnston has been able to cure the bac- 
teremia by two doses of 20,000,000 killed typhoid'bacilli 

To meet our expeiimental needs, it was necessary that we should be 
able to produce a typhoid baeillemia with regularity, since the efficacy of 
a given method of vaccination could be judged onljr by the failure of 
properly piotected animals to become cairiers, whereas the normal con- 
trols should give positive results uniformly The irregularity m the 
results of other observers was not very encouraging, and our own first 
results were even less so 

It seems to us that no wholly satisfactory method of obtaining an 
exact dosage of living bacteria has been devised Peihaps the least 
objectionable method consists in employing a given portion of a suspen- 
sion of a standard agar surface, particularly when the dose is of necessity 
large, as in the present case In order to obtain comparable results in 
different experiments, we have used thick-walled culture-tubes of uniform 
size (inside diameter 18 mm ) , containing 10 e c each of a 2 per cent 
peptone agar, or in the majority of our experiments agai containing 10 
per cent defibnnated rabbit blood These tubes are slanted at a fixed 
angle of about 6 degrees, so that the entire solidified surface is, within a 
small margin of error, uniform Twenty-four-hour giowths of such 
cultures suspended in salt solution have been used in amounts represent- 
ing fractions of an original cultuie By plating out these blood-cultures, 
we estimate that each one contains 1,400,000 million organisms The 
blood-cultures are more abundant than corresponding agar-cultures 

The first five strains of Bacillus typhosus tested, which included three 
from the collection of the California State Board of Health Laboratory, 
Army and ISTavy Strain 5 obtained from the Cutter Laboratory, and one 
strain (65), obtained from Professor Zinsser, in an intravenous dose of 
the entire standard agai -culture previously referred to, failed to produce 
carriers, to kill, or seriously to affect rabbits which weighed from 1,600 
to 2,000 gm Two other cultures gave positive results. Culture 6 killing 
a small rabbit m twenty hours, and Strain 3, which had been isolated two 
weeks pieviously from a human blood-culture, produced a cairier that 
gave a positive culture ten days later The reisolations from these two 

12 Conradi UebeT sterilisierende Wirkung des Chloroform im Tierkorper, 
Ztschr f Immunitatsforsch , 1910, vii, 158 

13 Haller and Eimpau Versuche uher Abtotung von TyphusbaciIIen in Organ- 
rsmiis, Arbeit a d k Gsndhtsamte, 1911, xxvi, 409 
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animals were made on rabbit-blood agar All of onr subsequent experi- 
mental work has been carried on with cultures grown on this medium 
To this procedure we attribute, at least m part, our present success in 
producing a bacteriemia regularly Since our first success in producing a 
carrier with a whole standard agar-culture of Strain 3, we have failed 
with subsequent generations of the eulture grown on agar to produce 
carriers, whereas the blood-agai cultures produce caineis regularly 
Inasmuch as the growth on the blood-medium is more abundant, a little 
less than twice the amount of the agar growth by weight, we have used a 
whole agai-culture in comparing its infectiousness with half a blood-agar 
culture Culture 6, which in a dose of a whole agai-culture killed the 
first labbit m twenty hours, in the fiist blood generation from this animal 
(Culture 6a) failed to produce a bacteiiemia m a dose of one-half of a 
culture, and the strain was abandoned for Culture 3a and subsequent 
generations which gave positive results in this dosage 

A survey of our protocols in which gioups of vaccinated rabbits were 
tested with noimal controls, shows that one-half of a standard blood- 
cultuie of our Strain 3 of B. typhosus produces uith almost perfect 
regularity character istic pathogenic efCects irhich do not occur in piopeily 
protected animals Smaller doses, as one-quartei of a cultuie, pioduce 
less consistent results Thus of seventeen control animals used in our 
latest expeiiments we find 1 Thiee died in fiom tuo to twent^-foui 
hours with symptoms of acute intoxication 2 Thiitcen gaie one oi more 
positive cultures of B typhosus from the blood^^ at periods fiom the fifth 
to the tv entj -eighth day, and of these animals five died between the fifth 
and twentieth day Of the other eight, only one ceitainly recoveied, as 
shown by negative cultures from bile and blood, through enoi, four 
animals were not observed over a sufiicient period of time to know whether 
they would have died or recovered 3 Only one animal gave apparently 
negative results Cultures from the blood were negative on the sixth, 
eighth and twentieth day, and vhen the animal was killed by bleeding 
on the thirty-fifth day, cultuies fiom the gall-bladdei and blood were 
also negative The animal, however, showed extreme loss of weight 
(2,440 to 1,710 gm on the thirtieth day), and the blood-serum on the 
thirty-fifth day agglutinated the t3^phoid bacillus in a dilution of 1 to 
2 000 

The carrier state in rabbits is not accompanied by any distinctive or 
continuous rise in temperature 

Chirolanza has given a full description of the lesions he found asso- 
ciated with the typhoid-carrier state in rabbits, and a few observations 

14 The routine cultures are taken by allowing 10 drops of blood to drop from 
the carefully cleaned ear vein into bile bouillon If contaminations aie evident, 
which IS rarely the case, the culture is plated out (Culturally probable typhoid 
bacilli are tested with an agglutinating serum ) 
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have also been made by Morgan The lesions affect the gall-bladder 
primarily and to a less extent the liver and bile ducts According to 
Chirolanza, animals dying in the first few hours after inoculation show 
cloudy swelling subcapsulai hemorrhages and zonal necroses of the liver 
The gall-bladder is not at first affected, but after a day oi two the mucosa 
becomes necrotic The later changes in this organ are more characteristic 
and consist in proliferation of the mucosa of the gall-bladder, more rarely 
a loss of mucosa and thickening of the fibromuscular coat, thickening of 
the bile-duct and giadual 13 'mphoid infiltration and ciirhosis of the liver 

Although we do not pretend to offer any systematic study of the 
moibid anatomy of this condition, certain constant lesions are noted in 
our protocols 

In rabbits in which death is rapid, that is, within twenty-four hours, 
the gall-bladder shows no changes, the liver shows chronic passive con- 
gestion and usually central necrosis of the lobule We have not studied 
the intermediate period in any detail, but beginning with the second week 
certain chaiaeteiistic changes are to be noted At necropsy the gall- 
bladder is uniformly distended and frequently is four or five times the 
usual size The bile is usually cloudy or contains visible flocculi and at 
times a mass of inspissated bile salts is present that fills and distends the 
gall-bladder In our experience complete destruction of the mucosa and 
reduction of the wall to a thickened fibromuscular coat is more frequent 
than the proliferation described by Chirolanza We have been unable to 
convince ourselves of any constant changes in the liver beyond the early 
zonal necrosis, that is characteristic of bacterial infections in general 

It IS of importance in justifying our use of the tj phoid-carrier rabbit 
and in showing that conditions in these animals are analogous to the 
conditions in typhoid infection in man, to note that the lesions of the 
gall-bladder in typhoid cases in man are quite similar to those in the 
infected rabbits J Koch has compared these conditions very carefulty, 
using his own and Chirolanza’s material He has further shown that 
the infection of the bile m man and in the rabbit is through the circula- 
tion and not from the intestine by way of the bile duct The analogy of 
the lesions in man and in the rabbit is also emphasized by Hhlenliuth and 
Messerschmidt 

We have further found marked injection of the cecum in two 
instances, and actual hemorrhage in one instance in carriers, similar to 
those produced regularly by the toxin of the typhoid bacillus 

We find, then, that the intravenous injection of a uniform amount of 
a rabbit-blood agar-culture of our strain of B typhosus produces an 
almost invariable and characteristic syndrome in normal rabbits (94 per 

15 Anma Ueber die Typhustoxine und ibre patbogene Wirkung, Centralbl f 
Bakteriol, Orig, 1912, Ixm, 424 
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cent positive) They either die vrith acute sjmptoms of intoxication 
within the first feiv hours and without characteristic lesions (18 per cent ) 
or become more or less chronic caiiier*? (76 per cent ), yielding posibve 
cultures from the blood for two or three veeks^ within which time many 
of them die Cultures from the gall-bladder of these animals are even 
more uniformly positive than the blood-cultures, and the bladder itself 
shous characteristic lesions in the di‘=tention and necrosis of the mucosa 
The bile becomes inspissated in the majority of eases Inadequately 
immunized animals give the same result 

lYe do not wish at this time to consider in detail the method'^ of 
compaiative prophylactic immunization with the preparations of the 
typhoid bacillus that we have emploied, but reseive it for a separate 
report when our alreadi* considerable data liave been fuither amplified 
It may suffice to say that we have been comparing dead and living 
cultures of the organisms, sensitized (Besiedka) and unsensitized cultuies^ 
and finallv, various fractions of dried and ground bacilli It will suffice 
at this point to state that animals which have been fully immunized with, 
let us say, whole dried and ground prepaiations of B iypliosus, show no 
ill effects on injection of the standaid amount of living blood-culture 
The propeily protected animals following the test intravenous inocula- 
tion, show no considerable loss of w'eight give uniformly negate e cultures 
from twenty-four houis on, and when killed at considerable periods (fiom 
twenty-one to thirty-five dajs) subsequently, present uniformly negative 
findmgs at necropsy. In other words, this intravenous method of inocu- 
lation has given a neaily perfect method of comparing the relative 
immunizing property of various preparations of the tjphoid bacillus 
The small margin of error (6 per cent in our series) incident to the 
failure of the exceptional normal animal to give positive lesults may be 
corrected by using a sufficient number of animals in testing each immu- 
nizmg preparation 

It remams to discuss the extent to which we believe we are justified in 
regardmg the carrier condition in labbits as analogous to a hjihoid 
infection m human beings The work of recent years on tjqihoid fever in 
man has led to considerable readjustment of our ideas as to its patho- 
genesis To quote Ivolle and Eetsch we no longer regard typhoid fever 
as an intestinal disease, but primarily as a bacteriemia This statement 
IS based first on the fact that blood-cultures taken m the first week of the 
disease in an appropriate manner yield positive results in 100 pei cent of 
cases (Brion and Kajser) The bile also gives positive cultures in 

16 Kolle and Hetsch Die expenmentelle Bakteriologie und die Infektions- 
Krankheiten, Berlin, 1911, i, 250, 3d edit. Urban und Scbwarzenberg 

17 Brion and Kayser Neuere Kliniscb-bakterologiscbe Erfabrungen bei Typhus 
und Paratyphus, Deutsch Arch f Klin Med , 1906, Ixsxv, 552 
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practically all cases and at all stages of the disease (Forster and Kayser'^®) 
The occniience of eases of typhoid fever without intestinal lesions is 
another reason for regarding these typical lesions as secondary rather than 
primary There is evidence, indeed, that the lesions m the ileum may be 
eliminative and secondary to the bacteiiemia rather than a primary focus 
of the disease The pioliferation of lymphoid tissue in the intestine 
and elsewhere characteristic of the disease has been logically attributed to 
the typhoid toxins (Mallory) rather than to simple multiplication of the 
bacillus 

The mere fact, then, that the injection of living typhoid bacilli in 
rabbits does not lead to the characteristic swelling and necrosis of the 
agminated follicles of the intestine, as is usual in typhoid fevei, is no 
reason for regarding the rabbit syndrome that we have described as essen- 
tially dissimilar from the condition in man In both labbit and man 
the typhoid bacillus remains for considerable periods in the circulating 
blood, and in both it promptly invades the bile by means of the circulation 
and not by the bile duet ( J Koch, Doeir, Chirolanza) It remains in both 
human and rabbit carriers in the gall-bladder even after it has disappeared 
fiom the ciiculation and in both cases it is subsequently eliminated 
through the intestinal mucosa The characteristic result of gall-stone 
formation which may follow typhoid infection in man has also been pro- 
duced m rabbits by Eichardson^® by giving calcium It has been noted 
that the intestinal lesions may more properly be attributed to eliminated 
toxins of the typhoid bacillus, and it is interesting to note that similar 
lesions may be produced in rabbits by the use of typhoid toxins^® instead 
of living cultures "We have obtained similar results with killed cultures 
of B typhosus in suflScient doses Arima produces by means of intra- 
venous injection of his “endotoxin” of B typhosus, bloody diarrhea, 
hypeiemia, swelling and hemorrhage of the intestinal lymph-nodes 

We regard these facts as indicating the very close analogy of infections 
produced by the typhoid bacillus in man and in the labbit Apart fiom 
its intrinsic value as a clean-cut ei^perimental method, the rabbit “carrier” 
condition would seem to offer, next to experimentation on anthropoid 
apes, the best means for the comparative testing of various immunizing 
preparations of the tj^phoid bacillus, designed to be used on man 

18 Forster and Kayser Ueber das Vorkommen von Typliusbacillen in der Galle 
von Typhuskranken und “Bacillentrdgern,” Munclien med Wchnsehr , 1905, 
In, 1473 

19 Possett Atypische Typhusmfektion Typhus ohne Darmerkrankung 
Lubarsch and Ostertag Ergebn d allg Pathol , 1912, xvi, 184 

19 Richardson On the Role of Bacteria in Gall-Stones, Jour Boston Soc Med 

Sc, 1899, 111 , 79 
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The growth of the L'phoid bacillus on an agai-medmin containing 10 
per cent defihnnated rabbit blood, which we have found of advantage in 
0111 expeiiments, differ'; lu certain lespects from the growth on plain 
agar We have aliead}^ noted that the blood-agai cultures aie moie 
abundant A concrete example of the amount of growth produced on 
each medium may be drawn from certain of our vaccine preparations to 
be more fully desciibed latei To pioduce giowths of Bacilhis Ujpliosus 
foi immunizing vacciues we inoculate one-quait Blake bottles containing 
100 cc of medium with a few cubic centimeters of a twenty-four-hour 
bouillon-cultuie of the oiganism In one experiment nine Blake bottle^ 
of 2 pel cent agai ueie inoculated with a plain bouillon-culture of B 
typhosus No 3 , at the same time nine Blake bottles of 10 per cent blood- 
agar weie inoculated with a blood-bouillon culture of B ^yp^los^ls No 3b 
After incubation at 37 C (086 F) foi tvo days, the collected agai 
and blood-agar growths weie suspended each in 220 cc of noimal saline, 
filtered through cotton and precipitated with 300 c c of absolute alcohol 
After centiifugalization, the separate piecipitates were again centiifugal- 
ized and dried over sulphuiic acid foi two da 3 S These diied cultuies 
were ground and weighed with the following results Blood-giowth, 0 675 
gm , agar-giowth, 0 36 gm It will thus be seen that the giowth of the 
organism is almost twice as abundant on 10 pei cent blood-agar as on 
plain agai Not onh is the giowth of the blood oiganism more abundant, 
but its moiphology differs distinctly from the agar-strain Wlien exam- 
ined m hanging-drop pi eparations, the blood-strain of the typhoid 
bacillus IS larger, thickei and tends to grow in chains It lemains, how- 
ever, quite as motile as the agar variety 

Associated with the morphological change that the organism under- 
goes when grown on rabbit blood, and we believe in some way dependent 
on it, are certain distinct and important variations in the agglutinability 
of these organisms by antityphoid serum The ultimate identification of 
bacilli isolated from the blood-stream of suspected ti^phoid-canier rabbits 

Trom the Hearst Laboratory of Pathology and Bactei lology. University of 
California 
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depends on then agglutination bv means of a potent antityphoid seiiiin 
Oni hist attempt to agglutinate such a cnltuie (B iijphosiis 3a), which 
ciiltuialh and morphologicall’^ agieed with the chaiacteiistics of B 
iypho^ns, with a potent antityphoid seiiim fiom the labbit, was a com- 
plete failuie The labbit fuinishing this serum had been immunized by 
lejieated inoculations of killed agai -cultures of B iyplwsus suspended in 
saline and its seiura agglutinated the stock cultures luth which we weie 
woiking in dilutions of trom 1 10,000 to 1 20,000 The failuie of this 
potent diagnostic seiiiin to agglutinate the cnltuies cleiived fiom the 
suspected caiiiei in dilutions of 1 100, in view of the fact that these 
cultures ueie I'^olated on a blood-medium, uheieas the}' had been growing 
on an agai -medium before inoculation into the labbit, led us to suspect 
that we might be dealing with the phenomenon described by Bordet and 
Sleeswi]k uitli the u hooping-cough bacillus 

Boidet and SleesMi 3 k,^ it will be remembered, found that the seium 
of an animal that had been immuni/ed by injections of agai-grmiths of 
the Boidet-Gengou u hooping-cough bacillus would clump similar agai- 
stiains, but had no effect on hlood-cultuie growths of the same organism 
The seiiiin of an animal immuni/ed bi means of the blood organisms 
w'ould, how'eiei, agglutinate both varieties of wdiooping-cougJi bacilli 
With these obseiiations in mind we immunized seieial rabbits with blood- 
cultuies of B iypliosus, and compaied the agglutinating properties of 
then ‘serums wuth the ‘'erums of rabbit's that had received agai-caltures of 
the organism 

In ffable 1 aio gioupted the results from a senes of experiments wuth 
antiserums from labbits obtained iii the mannei indicated The first 
three serums in the vertical columns are from rabbits that had been given 
injections of agai-(ultuies of B iyplwsxis^ the other si\ serums aie from 
animals that received blood-cultuies {B iyplwsus 3a) 

Table 1 show's r leailj the follow'ing facts An aiitihphoid serum from 
a rabbit that has been immunized b} blood-agai cultuies of B typhosus 
has the property of agglutinating indisciiminatel}, to the limit of it': 
potenc}, both blood and agai-cultures of the organism - The serum of a 
rabbit immunized against agai-ciiltuies agglutinates the agar organism 
onl} The inagglutinabilit} of blood -cultures b} antiagai serum is not 
due to some property acquired in the living animal, as similar iesu]t= 
can be obtained bi simple subcnltuie for tw'o generations of the agai- 
stram on blood-raedium The agglutinabilitv mav be restored b} ictians- 
ference to the agar-medium Growth in bile produces the same results 
as growth in blood 

1 Bordet and .S]ees\M]k Seio diagnostic et v-inabilite des microbes sun ant 
lo milieu de cultuie, Ann de I’Inst Pasteui, 1010 wiv 476 

2 It may be noted boueiei tint the agglutination of the blood stiain-> iinaii- 
abl-Tpioceeds inoic sloulv than tint of agai cultuie= 
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The variation in the inoiphological appcaiance of the hloocl-agai 
cnltnies '=iigge&ts that the failnie of these oigaiii^nis to agglutinate niight 
be clue to some ph'^sical ditlcienee ncquiied b’l giowth on this medium 
It IS knovn that the agglutinabilitv of membeis of the muco^iis capsulolus 
gionp oi bacteiia, foi instance, is dependent on the absence of a capsule 
Two leceiit aiticles seem to piove that the typhoid bacillus ma^ be 
eapsulatcd eithei undei exceptional conditions, oi peihaps as a iiilc, 
provided piopei strains are used Kuhnemann' found capmles could be 


TABLE 1 — Limit.s or Agglciixaho^ or Aevn \mi Biood-Agar Siiuixs or 
B i\Piiosus WITH SriicMS Drnnn) riiOM R\.nRns by Immunization 
Muiii Agar or vun Bioon Agar Cuituris 


Sti arris of 

B Tpp/iosiis 

Antiagai Cultuie 
Rabbits 


Antiblood fultuie Rahhifjb 


4 

5 
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10 

30 

42 

.30 

51 

52 
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8,000 
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1 000 

1,000 

Blood 3a 

100' 


100^' 

2 000 


2,000 

1,000 

1 000 

.500 

Blood 3b 

100' 




USSil 




1.000 

Blood 3- 

100' 




HuiSi 





Blood 3' 

100^ 








1 000 

Blood o'* 









2 000 

Bile 3 





1,000 





Bile 5 

100“ 
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'ilie iiguieb inclic<ate llic highest (hhilions of the seium at Minch a positive 
agglutination uas obtained The inacioscopic method iv.is mnfoinily eniploved, 
each tube containing a dilution of the seiuin mice of salt solution plus n 
unifoiin amount of tiie oiganism, in the case of the suspended cultuics fioiii 
blood or agai, this vas obtained by standaidi/ing the cultuics to a unifoiin 
tuibidity and using 0 I cc 3110 hnal lesult ivas lead aftei the tubes had stood 
for two Iiouis at loom tenipeiatuie and then ovei night in the ice chamber Xo 
doubtful 01 partial lesults aie noted and the lesults mcic coiiti oiled bv adding 
each suspension to salt solution (1 cc ) Tlie “bonillon-bilo” ciiltiiies consisted 
111 adding 1 cc of a foity-eight-houi ciiltuie on this medium to the seium dilu- 
tion In the left hand column aie the cultures of B 1iji)1iosii<i tested in lelation 
to then origin and the mediums on which they had been grown befoie being 
tested “Agai 3” and “Agai 5” lefei to the oiiginal stiains employed “Blood 
3a” and “3b” indicate the Ciiltuie 3 passed tlnoiigh one oi tivo caiiiei lab- 
bits lespectively , “Blood 3",” “3’,” “5'” indicates that the respective cultures had 
been simply tiansplanted fioin agai on the blood medium foi tuo oi thiee genei- 
ations uith twenty fom hours betiveen transplants The bile ciiltuies ot live 
and three were siibcnltuied tuice on bile-bouilloii before being tested 

3 Beham Die agglutinatoi ischcn Eigenschafteii dei Kapselba/illen, etc , 
Centialb f Bakteiiol 1312, Abt I, Oiig, Km, 110, Fitzgeiald Agglutination 
of Encapsulated Bacteiia, Bioc Soc E\pei Biol and Med, 1012, \, 52 

4 ICuhnemann Debei Kapselbildiiiig beim Typhusba/illen, Centialbl t 
Bakteiiol, 1011, Ivii, 407, Zui Idcntifi/ieiung des Bacillus Paecahs Alcalio-eiies, 
Centialbl f Bakteiiol , 1011, Ivri, 4G0, 
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demonstrated by his modification of Loefiiei’s flagellum stains on typhoid 
bacilli that had been treated and clumped by fiesh serum of youns 
rabbits He is mclined to regard this capsule formation as a protective 
mechanism on the part of the typhoid bacillus, as he found it only in 
such specially treated cultures Carpano,® on the other hand, regards the 
failure hitherto to stain capsules on the typhoid bacillus as a purely 
technical matter, and he has succeeded in staining them on strains of the 
micio-orgonism on various culture-mediums 

Our oivn experiments -with these stains have been convincing® We 
had thought it might be possible to show capsules on the blood organisms 
with one of these stains while the corresponding agar-culture remamed 
free, thereby indicatmg the corresponding!} greater resistance to agglu- 
tination that IS shown by the blood-strains Such results, however, were 
not realized With Kuhnemanns method the clear-cut capsules were 
found about all typhoid bacilli treated as he suggests with fresh young 
rabbit serum We differ with him, however in findmg a considerable 
number of capsulated bacilli in twenty-four-hour preparations of both 
agai and blood-agar cultures With Carpano’s method we had no diffi- 
culty in demonstrating capsules on both the agar and blood-agai cultures 
They are found sui rounding each organism, clearly cut and uniformly 
We have not succeeded, then, in demonstrating any structural basis for 
the differences in agglutinability" of the agar and blood-agar strains of 
the typhoid bacillus 

- It occurred to u*? that the relative inagglutinability of the blood- 
cultures might be due to the presence of some protective substance pro- 
duced in the growth of these organisms An attempt to prove this 
hypothesis by adding the supernatant extiact of ground blood bacilli 
to agai -cultures resulted negatively, the agar-bacilli so treated weie 
clumped as well as untreated bacilli by the antiagar-culture serum 

Absojption experiments have led hitherto to rather confusmg results, 
the differences depending in the mam on employment of more or less 
agglutinable strains of the bacillus We prefer to reserve expression of 
opmion on this point to a later commimication 

The practical mterest of the relative inagglutinability of blood-strains 
of B typhosus lies in its applicability of recently isolated strains of the 
micro-oiganism In our preliminary communication,’^ we expressed the 
belief that freshly isolated t}'phoid bacilli which failed to respond to the 
characteristic serum test might respond more readily to an immune 
seium "obtained by immunizmg animals with cultures grown on rabbit 

5 Carpano Ueber die Kapsehulle einiger Baktenen, Centralbl f Bakteriol , 
1913, l-vx, 42 

6 We are indebted to Miss Agnes Scholl for certain of these observations 

7 Gay and Claypole Induced Variations in the Agglutinability of Bacillus 
Typhosus, Jour Am Med Assn , 1913 Ix, 1141 
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(oT possibly only on hnman) blood-agar ’’ Siicli anticipation we have 

since been able to verify in piactice 

It IS a well-known fact among workers in diagnostic laboratories that 
cultures isolated fiom suspected cases of typhoid fevei or from the stools 
of typhoid- caiiieis not mfiequently fail at first of identification by their 
non-agglutmability with an antityphoid serum Expeiience seems to 
waij as to the frequency with which such inagglutinable organisms aie 
met Thus Ledingham® says he has had little tiouble in agglutinating 
fresh cultures from ""carneis'’ Saivj^ei,'* on the other hand, found that 
Ins eventually successful ciiltuie fiom a typhoid carrier on shipboard 
consisted in numeious colonies of organisms that biologically agreed with 
the characteristics of B typhosus, but could not be finally identified bv an 
agglutination test until they had been subcultuied for ten to twelve 
generations on agai Courmont and Eoehaix^® haie studied hundieds of 
typhoid strains isolated from blood and stools of tjqihoid patient^ and 
also from dogs that had been given the dejecta of such patients They 
state that many of these organisms are at fiist little agglutmable and do 
not become so until they have been subcultured in bouillon foi ten to 
twelve generations 

Schiller’-^ has found great vaiiation in the agglutinability of suspected 
typhoid bacilli isolated from stools, some organisms from a given stool 
agglutmatmg readily with a strong antit 5 q)hoid serum (titei 1 to 8,000), 
while others from the same stool failed to be clumped in a dilution of 
1 to 100 

Kolle and Hetsch^- state that veiy few real tj^phoid bacilli fail to 
agglutinate entirely, but that many agglutinate only feebly Paltauf^® 
states that the well-knoum failure of lecently isolated typhoid cultures to 
agglutinate at best delays diagnosis and frequently leads to error 

Eaubitschek and illatonek,^'* in a lecent comparative study of stiain'; 
of typhoid bacilli, express doubt of the absolute identity of some of their 
strains m view of the fact that some of them fail to agglutinate with a 

8 Ledmgham The Carrier Pioblem in Infectious Diseases, Longmans, Gieen 
& Co , London, 1912 

9 Sav^yer A Typhoid Carrier on Shiphoaid, Jour Am Med Assn 1912 
Iviii, 1336, and personal communication 

10 Courmont and Eochaix Technique de la determination du bacille d’Ebeith 
par la recherche de Tagglutination, Compt rend Soc de biol , 1910, Ixix, 134 

11 Schiller Beitrdge 7ur Typhus Epidemiologic, Centralbl f Bakteriol , 1908, 
xlvi, 385 

12 Kolle and Hetsch Die evpeiimentelle Baktenologie etc, Urban, and 
Schwarzenberg, Berlin, edit 3, 1911, p 261 

13 Baltauf Die Agglutination, Ilandbuch dei pathogenen Micro-organismen, 
Kolle and Wassermann, Ed 2, 1912, ii, 505 

14 Eaubitschek and Natonek Ueber Unterschiede in den hiologischen Eigen- 
schaften der Typhusbacillen, Centralbl f Bakteriol , 1913, I Abt , orig Ixix, 241 
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stiong antityphoid seium It is mteiesting to note that then ciiltiiie^ 
have all been lecently isolated from vaiions organs of cadavers 

lYe ha\e of late had the opportunity of examining three lecently 
isolated typhoid cultuies, one of which (D) was repoited as failing to 
agglutinate with an antityphoid serum 

TABLE 2 — Agglutinaiion or Freshlv IsoliVted Strains of B Typhosus 
IN Various Generations with Antiagar and Antiblood Imjiune 
Serum trom the Kabrit* 


B Typhosus Cultuie 
Generations on Agai 

Antiagar Agglutinating 
Serum 57 

Antiblood Agglutinating 
Serum 42 

1 

Stock 5 

1 

16,000 + 

1 

2,000 

A 1 

1 

1 000 

1 

500 

B 2 

1 

100 

1 

2,000 

C 2 i 

1 

10,000 -f 

1 

2,000 

D 2 

1 

100 

1 

500 

D 5 1 

1 

100 

1 

2,000 

D 8 

1 

1,000 

1 1 

2,000 

D 9 

1 

1,000 

1 

2,000 

D 12 

1 

2,000 

i 

1 

2,000 


* Cultures tested (A) Fiom Di J V Cooke Univeisitj* of California Hos 
pital Original cultuie fiom spleen (neciopsy 1337, May 24, 1013) Kept on 
ice without subculture from IMay 27 to June 12, (B) From Di J V Cooke 
Cultuies from blood of patient fuinisliing culture A taken thiee days before 
death One ti ansplantation Kept on loe from May 23 to June 12, (0) Eiom 
Dr J V Cooke Blood culture fiora Mis N taken May 13, 1913 Second trans 
plant Kept on ice from May 15 until test June 12, (D) Fioni Di E Foster 
These cultures weie tested with both an antiagar cultuie t>plioid seiuni fioin 
labbit (5) and an antiblood cultuie typhoid serum from labbit (42), the least 
agglutinable culture was repeatedly sub cultured at twenty four lioiii inteiials 
on agai until it became leadily agglutinable by the antiagar as well as the 
antiblood seium 

Y The plus sign indicates that the limit of agglutination was not leaclied in 
the gnen e\peiiment 

Table 2 shows that the antiagar-cultuie seium 5 is the moie potent^ 
agglutinating the Stock Culture 5 in a dilution of 1 to 20,000 (Table 1 ) 
The antiblood-serum agglutinates the stock organism in a dilution of 1 
to 2,000 only Of the freshly isolated cultuies, one onl}^, C in the second 
ti ansplantation, leaets like a stock culture of B Ujphoms to an antiagai 
or the usual diagnostic serum Cultuie A leacts relatiyely feebly to the 
antiagar serum so that diagnosis might be questioned Cultures B and D 
react only in a dilution of 1 to 100, and it must be lemembered that they 
were used first when in the second generation on agai Eyen in this 
geneiation their diagnostic identification as B typhosus could not bo 
accepted But the point of most inteiest is that all the organisms leact 
strongly with the absolutely weaker antiblood-culture serum The le Ac- 
tion of Culture B2 is particularly sti iking— diagnosis negatiye oi at best 
doubtful with the antiagai -serum, but strikingly positive with antiblood- 
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ceiuni 1 io 2 00(1 11u' ‘-uli^t'qnent •icMUMniion*' of D '‘h()\\ how llu'iriowlh 

on ng.ii icntloi- (he inaijfiihitinalilc oii^ani-ni ^n^( >']hil)h' {o an onliiinn 
inbbit iininiiiu' ‘■cnnn obhiincd with jiLoii-f nltiiK"' 

'J1ic (oncln''U>n ni'-tiln'd that tin* <liniriio'')‘- of ‘■u^'Jhh t(*(l t\j»]n»nl 

bncilh i.in ht* londou'd nnnndialch (citnin (\(‘n on tn*-! j^-olntion h^ tin* 
n^e of an innnnne '''cinin ohtninod h\ iioaiiii" nniinnl*- with ('nltnji"- of 
the oij:ani*-in iriown on hlood ’Phc nj>]ilu -ition of thi- (Iniirini^-tn* jno- 
cednic to ot!u‘i oiLrani-in*- *> 11(11 :i- /» tbRCuh lua (juu lu iilaih of tin 
f>!iiira t\j'{‘) would !h* inloi(*-tnnr 
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THE BXAMIHATIOH EOE DIAGNOSTIC PHEPOSES OE THE 
ENZYME ACTIVITY OE DUODENAL CONTENTS ' 


ARTHUR F CHACE, AM, MD, and VICTOR C MYERS, MA, PhD 

NEW YOKK 

Since the introduction of the duodenal tube by Einhoin^ and by 
Gloss/ this method of reaching the duodenum has been employed for a 
vaiiety of purposes It has been used to maintain nutrition in diseases 
of the stomach and othei conditions,^ to treat a variety of constitutional 
diseases by irrigation^ and to secuie fluid for a study of the bacterial 
flora of the upper intestine, and likewise the activity of the pancreatic 
enzymes and the detection of bile Despite the many possibilities which 
have been opened by this method of entrance into the intestines, it would 
appear to have received attention only in a few circles As a method of 
ascertaining the activity of the panel eas for diagnostic purposes, it is 
obviously more logical than the various indirect methods entailing an 
examination of the feces oi urine 

The lesults which have thus fai been obtained in the examination oC 
duodenal contents deserve biief review It has been shown by Hess® in 
infants, and more recently by MacNeal and Cnace® in adults, that this 
method may be employed to excellent advantage in the study of the 
bacterial flora of this part of the intestines MacNeal and Chace observed 
that, normally, when free hydrochloric acid was present in the stomach 
the contents of the duodenum weie comparatively sterile, but when free 
acid was absent, numerous organisms were present In a case of tvphoid 
which they had the opportunity to examine, typhoid bacilli were present 
in large numbers, while in an infant, aged 22 months, Hess made a 
similar observation 

* Submitted for publication Sept 20, 1913 
Prom the Medical Seivice and the Laboiatory of Pathological Chemislry, 
Hew York Post Graduate Medical School and Hospital 

1 Einborn Med Rec , New York, 1910, Ixxvii, 98 

2 Gross New York Med Joui , 1910, xci, 77 

3 Einborn and Rosenbloom Am Jour Med Sc, 1911, cxlii, 7, Einhorn 
Post Graduate, 1913, xxviii, 650, Hess, A F The Use of a Simple Duodenal 
Catheter in the Diagnosis and Treatment of Certain Cases of Vomiting in Infants, 
Am Jour Dis Child , 1912, iii, 133, Morgan Am Jour Med Sc , 1912, cxliii, 670 

4 Gross New York Med Jour , 1911, xciii, 171, Med Rec , 1912 Ixxxi, 700, 
Jutte New York Med Jour, 1912, xcv, 543 

5 Hess, A F Jour Infect Dis , 1912, xi, 71 

6 MacNeal, Ward J, and Chace, A F A Conti ibution to the Bacteiiology 
of the Duodenum, The Archives Int Med , 1913, xii, 178 
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Tho fust papci of inipoilancc on llic en/^mc actuilv of ilie (liindonal 
contents A^as tliat of Einlioin and Eo'^on bloom,’ who ‘studied the inthicnce 
of vaiiou'' agents on the ‘•ccietion and aetiMt} of the inicc in a ‘•ene^ of 
person‘5 In gcneial. thc\ wcie able to confiim tho pln^ioloiric oh-ena- 
tion« on annnal« 'rho> noted that ilic ^ccietion wa^- aeti\c during 
fa'sting, while tho adininiMiation of ceeictin. Indioeliloi ic acid, pilo- 
caipin, etc. c.iu'-ed an iiKicacr'd coeietion of fluid, and ’reiierall} a inoie 
actnc one f'he actiMi\ of tlic 3uicc in di‘-oa‘=es pos'-ihh nnolMuii the 
panel ea« wa^ not coii«idcied 

Se^cral \eii, iiictiucine pajuu*' on the e\.nmnation of tlic juice in 
infants ha\c appeared b\ who fonducted much of In'- wotk in the 

baht ward^ of ilii^ lio-.pit.il lie ob‘-ci\ed that bile wa^- lareh cMretfd 
duiing ilie fii'^t twchc lioui-' of life, wliile in ilu' ‘-ub'-crpipnl twent\-fonr 
boms it wa*! taiiablc In la^c^ of inaihcd jaunduw' it w.i*. ob'-ened to 
be profu'^e, the jaundice jiiocedimj: the exeietion of bile into the dun- 
deiiuni Tlic thice ]ianMeatic feimenl'- wen* foiiml in llie infant'' befoie 
the} had been ]uii to tiie biea^-t. and thu‘. without tin* -tiniulu*' of food to 
incite the eccrenon In oldei infant^, a month or moic of age, with the 
increace in ilie ceciefioii of (lie juue. a decided nuiea'-e in the annlohiic 
powei wa*- oilmen cd 'flic dctelojunent of thi'- ‘'tan h-'-jdit ling en/\me 

eaily in life i*? paiticulailt iiueic-ting In (citain atiojilnc infant-- it 
wa*; noted that, ahhougli Ihct ‘•ecieted little ga=tiu- juice to act a- a 
stimuli^ a \ei} laigo amount of thin, waten juice containing all the 
pancreatic feimentc though weak in lijni'-e. cfuild bp a‘-pirnted from ilm 
duodenum 

In a sene' of ca'-c'' of adult'- without ]>anfteatK dicfa'-c' rrniiK'' found 
actne trjpein in all ca^-e*^ 

^^hlle the pic-cnt woiK wan in jiiogie"" an intcic'-ting na]ici ap])eaied 
bv CroliiT® on the diagno'-i'' of the fuiutioiial artiiitv of the jinncieatic* 
gland b} ineam of feiment aiiah'-c': <»f the duodenal fontent" II i« '•ciic" 
included a numhci of ea'-c'- of iiitcic'-t, nameh one (a'-e of acute pantiea- 
iitiS tliieo ca':e‘- of ob'^liuftne jaundice, fhc (a'-o'^ of cholelithiasis and 
si\ of diabctesi In the eace of jianrreatits. aiinhse and tnjsin weie 
found absicni fiom the duodtmal juice and likewse fiom the fecc: The 
cases of obsliiicine jaundice sliowed an ab=oii(e of bile, hut a noimnl 
eisyme activity e\cc])l lu one cas-o, in which the amvhse and tijpsjni 

7 Einhoin Mn\, mid IJosonblooiii. .Tiicob Stiuh of (be Buodonul Contonts* 
in :Nran, 'im Anninrs Tnt Mid, jniO, m , OGO 

8 Hess, A F A Studv of Ictouis Nponntonnn In ^foaiiR of tbo Duodonnt 
Catheter, Am Joui Dm Child, ItlJg, ni, 30t, 'Jlie Pancreatic Foimont'; ni 
Infants, Am Join Dis Child , Oct , 1912, n, 205 ConRidcintion of (he Pancreas 
and Its Ducts m Congenital Obliieiation of tho Bilo Ducts, Tiir \ncm\rs Tnt 
M ro, 1912, \, .37 

9 Frank Aich Voidannnghki , 1912, vvni 387 

10 Crohn Am Jour Med Sc , 1913, c\lv, 393 
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Meie ab'^ent on the fiisl e\ammation The duodenal ]uice in the cases ol 
cholelithiasis and ot diabetes wa'J found normal This observation in 
diabetes would appeal to emphasize the point, sometimes misunderstood 
that theie is no distuibance of the external secietion of the pancreas in 
this condition 

A study ot the enzyme activity of duodenal juice vas begun more 
than a jear ago The objects of the iniestigation wcic (1) to establish 
the noimal limits of laiiation in the activit}" of the pancreatic enzyme's, 
(2) to asceitain the chemical composition and enzyme activity ol the 
duodenal juice in a vaiiety of pathologic condition^, (3) to deteiminc 
what influence the gastiic aciditi' might exeit on the composition of the 
duodenal juice, and (4) to perfect methods of determining the admixtiiie 
of bile by tlie estimation ot the bile pigments and cholesterol In view 
of the scant attention which the pioblem has atti acted, we have thought 
it desiiable to repoit the losiilts uhicli have been obtained in the 
examination of duodenal juice in thiity cases H js planned to continue 
the stiidj on interesting cases as thev may aiise 

.AILTIIOn or OBTAIXING DUODI MAL JIJICL 

Hie teclinic emploved m obtaining the duodenal juice has alle^d^ been 
described by MacKcal and Chace ” A small soft riibbei tube (external 
diametei of 3 5 mni ) capped vith a peifoiated gold tip, is placed in 
the patient’s mouth uith instiuctions to svallov With the patient Ijing 
on his light side, the tube is usually earned bv the peiistaitic vaves 
of the stomach into the duodenum in about twenty minutes Its position can 
be deinonstiated either fluoioscopically oi by examination of the aspirated con- 
tents The tube is usually allowed to pass to about 80 cm It uas generally 
given at 10 30 p ni and the duodenal contents aspirated with a glass sj'ringe 
at about 0 00 a m , then vith the tube still in place an Ewald test bi eakfast 
vas gneii and the duodenal contents aspii ited one houi latei Occasionally the 
tube MIS passed at 7 a ni and the duodenal contents aspiiated at 9 a m This 
method is generally as accuiate, and is more acceptable to the patient 

Duodenal Juice — llie duodenal juice obtained in tins M'ay is normally a clear 
01 neaily deal golden yellOM% slightly aiscid fluid It is faintly acid, neutial 
01 faintly alkaline in reaction to litmus and has a specific giaMty of about 1 003 
Ihe juice contains bile as its coloi M'ould indicate, and active amylolytic, lipolytic 
and piotcolytic en/ynies 

Methods of Examination — Ihe methods mIiicIi ha\e been employed in the 
examination of the duodenal juice aie bneflj described belov They aie slight 
modifications of Mell-knoun methods nhich have been simplified in so fai as 
possible foi use in this connection It -was appaient in this vork that the detei 
minations of the eiwyme aetivities ueie onlj lelatnelv quantitative On this 
account and because of the small amounts of fluid often obtainable, a relativeh 
simple technic has been employed With the technic described, complete data can 
be secuied Mitli G to 7 c c of juice 

11 MacXeal, Ward J and Chace, A F A Conti ibution to the Bactenologc 
of the Duodenum The Akch Int Med , 1913, xii, 178 

12 These methods have been deseiibed bv Myers and Fine Essentials of 
Pathological Cliemistn, Xcm Yoik 1913, p 25 
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Aflov ‘^cpuiiuii tlu' iiiu'C’ it tulsi'U to ttif“ lut)nr*it<ii ^ \\ithnut 'U\i\ 'iml 

placed in 1 icfiifioiatoj -it 0 C nuW the c\-innn»(ion to h- inndc it run.- 
In the lattoi hvlf of (he pio^ent -'cru'* ihi‘> wu** the ci'-i It i^' not lM!n\ed 
howcNci tint rofufieiation nt le-i-'t foi ,\ -^hnit ]h nod inodiue- -luv nppmialde 
ohanjn in the eii/Miie a< t \it\ of the lum It nm .n\ -'Ocn oh-nnd (hit littli 
or no iniilolilu aetuitv could he deinoi)>^t niti d in i pine which wm *-li;i)itl\ 
icid to litnni'’ (%en thon”h the jiiire had hi en -it nine inntiali/id whin ri ( nn-d 
'1 he jnottohtic attiiiti wa‘' afTiitid in the 1.11110 wa\ thoii”h to a nnir li lo'-- 
extent In the cai-e of the li]!!*.!' it wn nh'.ened that tin inic' which wa-' faintlx 
ilkiliiie to litimii' 'ilwi\i- i.iiow(d a weil li]iol\tii aetnitx It *.hould h<- noti d 
hen huwevn tint iho piioe wn-i not prexiomh .mditn'd I he initial nutinn 
of llie jnue n nh\iou''h in inijioilint fntoi m the nhinnid en/\nn -utiMti 

(o) /iVor/ioa find 7'offi/ IridifT/ — 1 he n letnui w-i*. a*'iiii'uned with ‘.tnpi. 
of led -iiid hine litiini'' whih tin lot il -inditi w-'- till it'd willi \ dfl N-iOh 
ii-'inii phtnoljditlnh in ai- indii-itoi nid iinphniiif a", luiie aiiiount.. ot nril'rnl 
a-' nui'lit he n\ nlahle 

(?i) 1 — ■ihe W *dil''< iniit h niilltoil n ‘.iinple -iii-l faiih 

‘.ati‘-f ictoi \ Into t uh of i-ix 1.111111 t* el liil« tin introduced o ei of 1 pei 
cent ‘•oluhle i.(inh 1.011111011 1 uhe one -i*. -i lontrol -lud to the n lu-iitiinr; 

Uxe tuhev no idded 0 <t'* U 1 . (til < 1 '» and 10 ( e of (he piu ■' iliUit< d on< hill 
with ilntillid w'llei i Ii(> (nh( 1. in (Inn innihit'd at ( foi lhul\ imnut< " 
iininedntiK lu vrl\ hlhd with i old water two dioje nf \ Mo nuhn 'I'hh d and 
the tnlu s i-haKni 'tin (uIh' n i.' h-etnl -i*. po-iti\e whnh •.how*, an nit in dn-ip 
pi iraiiu' of ill him lolor Ihe in.vnn aiiiMtv n i\pni....id in the uuinlx i of 
oc of i-tinh ‘■olniion lie of undilutnl jliin n mpihle 01 (tie'-tiii'i If it t’ile< 
1 Cl of pme to di|:ei-t *» c( of ‘.(inh the aitixitx n ii\i if di^t-tioa n mom 
jilivlud Iw 0 dl II it n- twnit\ et« 1 01 tja* tin tnlii >. -ii. U'in'id ah-e t tin 
nctiMt\ ti^Mire- ale ‘200 lOlt ttt, 20 and lO 

(e) {SIfOpK a) — Into * ich of (wo li>.) Inin i. -u* luiiodm 1 1 1 e 

fmrfioii'. of the jiiin one of whnh h'uhd to im 'n lontio) lo i nh of 

thn-e liilue. -lie addd 1 ce of nnilial « tin lhii!\ rate lo 1 t 01 ilntillid w it. r 
and 1 ( c of tohniie 'Ihe (uImi. an >.lmKen and ]dai « 1 in tin innihitoi 11 .s I 

for twenti foiii lionn. nhal in;: i-enial turn i- iluiiim' the luttnal tin end 

of tlii'i tune lliei an* lennwl to porn lain dnln . -iinl titi itnl with \/20 \ vttH 
lining phenolplithalciii ai- indn itoi 'Ihe (itiatmu n ^uU oi (In hmhd tula i- 
suhtracted from the mih-uUd to old 11 n (In- li'Oiie hn tin lipnhtu aitmn 

(d) I'totcnhf ('/Mip-inl — 'Iwo nnthodi- luu< hen i'm)do\id tin* (t (tio...^ 
ca'.ein method and a modijn itnui of tin* Iniui "eKitm unthod l ni m hii*. tin 
dn idxantaee that it m al-o attulad h\ eiep..ni ilnuieh thii m piohih!\ a 
nceli"ihie faitor Inn whih (lu ;:ehttiti dim -( loiis iiui*.! Im taiind on at nuun 
tcTiipin itnie 

raii’ia l/f//(od — Into « uli of i-ix i-mill te..( IuIm .. a-' in tin aimin' lutllnnl 
aie mtiodured "i cc of 0 1 jni n*ut pun laM'in in tf 1 pi i cent ‘-"diuin i 11 
honatc*,’“ and the Haiiie amount*, of duodniul nines adih d as in tin i me of the 
anphific 'J lu* luhes .m mciihated foi liftnu mmutis at .!S ( uinl then 'unlilud 
w’ltii two iliops of ililute aieln .n id 'I In* (uhe whnh nmaiiis ju'iieith ileni 
that is ill which dimstum ha*. h(*en lOinphle is nnudid 1 lu* tiNiitn aitnitx 
IS calculated in tin same wa\ as (he amvlohtif netnih. e\i(*p( tint (ho ti\|)tii 
acti\itj% accoidiiie to tin* Oioss foimula is an e\|>iessiMU of tin* jiowi'i of 1 i i 
of tin* juicc on 10 ci of the (aseiii solution, instead of 1 re, as m the Wolih^ro 
nuitli method 'J lie ti\e tulies, ucionUm^ to the flioss scheme lepu'seni urtnities 
of 20, 10, d 2 uul 1, (hit IS one tenth of the \aliies ohlamed in the rust of the 
amylase 


13 'Jhe soluble staich .uul casein solution weie made up a lilei at a lime, 
a little chloiofoini and tolnone added, and kept 111 a lefiim'inloi at 0 C 
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Gdaliij Milhod — Into a small test tube ue pipetted 1 cc of undiluted duo- 
denal juice 3 c c of uatei 1 cc of 0 5 pei cent sodium caibonate and 1 c c of 
toluene Into the test tube is then nisei ted two 3 cm gelatin tubes,” and the 
test tube allowed to incubate foi foitA eight hoiiis at loom tempeiatuie with 
occasional gentle mixing At the end of this time the iniount of digestion is 
me.'suied with a uiillimetei scale and the measiii ements added togethei 

(c) Bilc — Hic test emploved foi bile has been the simple Gmehn nitiie acid 
test though oidin.nil’^ sufficient bile is piesont to make a qualitative test 
uniieccssan In futuic anahscs w'e plan to enlplo^ modifications of the Huppert 
test foi bile pigments, and the Liebeimann Biiiehaid test foi cholesteiol as the 
basis of coloiimetiic methods foi estimating these substances 

The subjects of the piesent stiitl> weie adults of an a^ciage age of 
about 35 teais sixteen b“ing males and thnteon females 

DISCUSSION or nrsuLTS 

As mat' lie obseived fioin the tabulated data the actnities of the 
paiKieatic enzxmes show some little vaiiation fiom da}"^ to day nndei 
noimal conditions Siinilai obsenations weie made by Einhoin and 
Eosenbloom and by Ciohn The gieatest "saiiation wuas noted in the 
amjdase and lipase, and was apparently dependent in pait on the initial 
reaction ol the juice The tavoiable leaction foi these two cn/ymes i« 
quite opposite, neulial oi iaiutl} alkaline foi amjlase and faintly acid 
foi lipase The actnity ot the tivpsin w^as more constant In Patient 
21 — A O’C — the tiiptic actnitj w^as quite unifoimlj 4 o^el a peiiod 
of se^elal davs wheieas the actiMh^ of the amjlase vaiied fioin 40 to 
200 and that of the lipase fioin 0 6 to 2 2 In the entiie senes the 
amylolytie activity langed fioin 5 to 200, the lipolytic activity horn 0 3 
to 3 S and the jiroteolytic fioin 0 5 to 10 (casein method) and 1 4 to 5 6 
(gelatin method) 

It may be noted in Case I — J L — with pernicious anemia that 
though tlieie was an almost complete absence of gastiic juice, the duo- 
denal juice w'as xeiy active especially the tixqisin (gelatin test) In Case 
29 — S G — with infective jaundice the lipohtic activity was veiy low' 

0 1 The activity of the pancieatic eiwymes w'as noimal in the case of 
hypei trophic cinhosis of the livei, 25 — W D In Gioup II, Case 9 — 

E L — w'lth alcoholic ga ‘stiitis, the juice w'as found to be stiongly acid 
This Avas belieAed at fiist to have been due to an enoi in technic, but the 
actiA'e lipase and the good digestion of gelatin on the one occasion when 
the acidity wms comparatively low, w'ould indicate otlieiwnse The lesiilts 
suggest an inability on the pait of the pancieatic juice to neutialize the 
acid of the gastiic juice The lesults in Ca'^e 12 — A B — with gastnc 
ulcei ( gasti o-entei ostomy) , ai e in sti iking conti ast Hei e the fi ee gasti ic 

14 Ihe oelatm tubes weie piepuefi bv dissohing 10 gm of gelitin and 1 gm 
of sodium fluoiid in boiling distilled watei, deeply coloimg with a cleai solution 
of cochineal, making up to 100 c c and then filling glass tubing of 2 mm inside 
dnmetei The tubes 3 cm in length aie cut just pievious to use 
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.uulitx ^^a^ ‘)0 and the total auditx l<»o 'rin* duodenal inue in tin- * a-e 
wa- dtcidedh alkaline to jdn'noljdith.iliMn 'I he lij’ohtn a^tI\ll^ ^\a'' 
^\eak but the pioteohtu atti\it\ Nei\ “-tnuiir \\ lien tin- i- (on-nh'ntl. 
loircthei nith the lai^e tolnnu* of .nine obtained it Mould a]>j» n to 
indicate that the jiaiuua- had ie-)»oiuleil to the ‘-tiiniiln- of the hiuh 
gastiic a<idit\ rioni the tabulated d.it.i H ‘•eeiii- e\id(‘nt lioweMu th.il 
the acidit\ oi la< K of auditx ol llu' ira-iin jum* i- v ithont dt finite 
infltieiire on the eii/Mre aeti\it\ of the panneatu' iiin e altlno.ejrii a 
-tioii£rh .1* id LM-liu June i- a])]iaientl\ able in luo-t < a-t to -tumdate 
the pioduetion of a -iiliu nuith alkaline <iuodenal ‘«ei‘ieiion to nnitiaii/e it 
'I'lie noinial >anation in the ntl\lt^ of the ]ian(ieatn en/Miie- w -o 
irieat. a- OMdemed h\ tiie <lata tahnlati’d :dio\e that onl\ an ah-enie of 
the en/Mne- Mould appeal to lendn the piiie of diaLOio-tn N'llue d he 
ah=eiKe of painreatu en/Mne- in the duodenal tuu<*. Mouhl hoMe\<'i he 
po'-itne e\ ideiKe of (Mlhei ji in< icnili- oi of non-]>oleiut of the pain le.itie 
diut' Millie lh( Ink of bile in the nine Mould hi* nathoenouionu of 
the ocelu-uui of the loiiiiiion Inh* dint lU mean- ot an inal\-i- of the 
duodenal June tin' -ui'iiou -hould ni mtain • .1-' - lie aide to dittnniin* 
the niMiheinent 01 nou*iinol\( uienl of the jutnif 1- pinn to oik ,atnn' 
on the call-hladdii 01 <iall-d\ut- 

111 the ca^e of ( iiionu jiaiu teatdi-. 5 — h S — (he<n/\int a'li>tt\ 
of tin duodeind luue m i- neLnti\e, exiejM foi n (» of hpa-e The f'n non 
of the fa\oiaitle foi tile detution of annhi-e mil tisp-in—- 

fainth alkdine — nd mini lent nuilenal. ?<> < 1 . m.i- a \ idahle foi \ei\ 
(aicfiil examin.ition The -tool- mcu* t\nnal 01 jiain lealin- 'riii- 

connide- Milh the le-nli- obtained In (hohn in hi la-e o| painieatiM- 
thou"h it -hould jitihap- he notul that tlieu' the lliiid Ma- ai id 
In the (a^-e of (aiiinoina of tin* ^rall-dint- .iiid tin* jnloiu- 
IH Z (diaiinocic (oiifnined h\ opeiation) — the painientn dint- veie imi 
nnohed a- -hoMn i)\ the adm* eii/\nie- (’I he ah-eiiee ol mi\li-e ua- 
piohahh due to tlie leaition oi the iiine iainth and ) llile lould not h-* 
detected in .niv cd the loin -pei imeii- obtaini'd 

( o\(’ia ‘^to\s 

Actne aiiulohtif. lipohlie and jnoteohin en/\ine- aie pie-enl m 
duodenal Jiiue Ihoiifrli the acliMliy of (In-e en/Miie- 1- a]i]iaientl\ ''iih'iee' 
to c‘on‘'Ulciahle \ai niton nndei nonnal (onditinn- 

d ho ncidih of the '^a^ilrie niuo ajipeai- to hi* Mithoid inllneme on 
the aetniiy ol the cn/vnie« ine^-ent in the dnodennl jnu'e 

In a ea'-e of (uuinoinn ol the gall-dnit- and pyloiii- Milh hdniv 
obsiiuction, thcie mm^i an enliio ahmiue ol Inle lioni Ihe duodenal niiee 
In a caf'C of chionic ]iancioatiiis the annlolyiu and pioteolvtie acti\d\ 
M\ac entiiely neq,atue, Mdidc tlic lijiolvlie a< tivity Ma*- 1 oinjiaiaiixelv Moak 
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The absence of panel eatic enzymes fioin the duodenal ;)uice would 
appear to be positive evidence of either pancreatitis or non-potency of the 
pancreatic ducts, while the lack of bile would appear to afford similar 
evidence of the occlusion of the common bile duct Further obseivation^ 
on these conditions are desiiable 

We desire to express oui obligation and thanks to Di Edwaid Quintal d, 
Director of the Department of Medicine, for permission to use the clinical 
material, and to Drs B Lattin and W G Lough for personal attention to details 
in collecting the specimens from the patients 

393 West End A^enue — 427 Eoit Washington Avenue 
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PEOTITEO.irBIX EAC'l’OBS 


G II WTiiPPLi: Mn 

P \ITIMOni , Ml» 

In .1 pieMOu« cfnnim’nicnlion rlcalinir \\illi \nnon‘5 of iitinoi- 

ihagic disGa=e (Whipple^) wc tli.il ono factor nmneh. anti- 

tlironibin, might bo of importni'ce in Aanou'- i\pr‘- of blooding I lu* 
other element^ of blood coagulation ucio taken up and ‘^oino of the work 
on normal blood rontrulation wa- rcMowod I>e( ui=e it i‘' of urcat inipot- 
tance to ha\c clearh in mind the mo(bnni‘'in of nonnal blood (‘oagnla- 
tion ir Ina^ be ^^ell to detail briefly Howell tbe(tr\. it ‘•oeni'' to nn'cl 
all the known roquircincnt'i in the mo^-t ‘-ati^fai.tni \ maiim" 

-Xntillironitiin'' — 1 tlir<*inho]il I'tui 1 

m - , — -W 

Prollirniiibin 

( 1 hroinbin) 

/ \ 

( (Unnn (( lot) 

/ 

I il>rino»< ij 

I In'- chow-j in a ^ciieniatie wa\ the mnnnei of blood (oairnlnlion 
Howell belic\C' that a small amount of antnhioinbin i- pre-ont in the 
normal plamia and i^ Fufluiein to bind the piothioinbin and render it 
inactne Thrombopln‘-tin i" =et fiee 1 a <c 11 ni;iui\ (blood-celE, jdatr- 
let=, tAsiie^, colB etc ), and neutiali/e'- the antithrombin This frof"- 
the piothiombin, which at once combine^ with (alciiim to foini thiombni 
The free tlnombin coagulate^- tiio tilninogen, gniiig the noiinal clot 
It ic at once eMdeni that thi= balance of antithiombin and ])io- 
thiombin mn=i be extiemeh delicate and capable of inpid adiu'^tinent 
^Vlien the antithrombin accumulate^ in o\co‘-‘-, the appeal anro of piii- 
puia and bleeding is to be expected but if the .intithiombin diop^ to a 
low' le^el, cpontaiieoiis thionibo'i^ might occiii 

It IS not ‘suipii'sing then that tlii‘5 \eiy point ‘■eenis to be the one 
about which most of the inteic'-ting ease': of hemoiihacric dicea^e mac 
be giouped 


* From the Huntenan Lxboratoiy ol F\|ioumpnlal Palholop\, Jolms IIopkm‘; 
iledical School 

Submitted for publication Oct 17, lOn 

1 Whipple, G IT Tiir Aucniiis Ixt Mid, 1012, i\ 005 

2 Howell Am ,Toui Plnsiol, 1010, \\\i dn.a 
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METHOD 

Blood was obtained in all cases before death by means of a needle in a vein 
The blood was aspirated into a solution of sodium oxalate ( 1 per cent ) , the 
dilution being nine parts blood to one of oxalate The hlood from autopsy cases 
was usually obtained directly from the heart by means of a trocar and diann 
into a bottle containing oxalate Cleai plasma was obtained by centrifugalization 
In all experiments the calcium was supplied in the form of 1 per cent calcium 
chlorid solution The coagulation experiments were always done with the fresh 
blood plasma unless otherwise stated and the observation usually completed 
within two to SIX hours after the blood had been obtained Control plasma from 
normal men, cats or dogs was always used fiesh Spleen extract was used onh 
when flesh and made up by giinding the spleen with sand to a thin paste, adding 
sufficient salt solution and filtering thiough papei 

ICTERUS, LIVER DISEASE, BLEEDING 

Case 1 — Caiioll White male, aged 75 Admission July 11, 1912 Death 
luly 20, 1912 Complaint, jaundice 

Family history negative Past history negative, except stiong alcoholic his- 
tory up to 17 years ago 

P I Began April 19, 1912, with sudden appeaiance of jaundice 11111011 has 
been continuous ever since On admission, skin was of a deep bron/e coloi The 
liver was definitely enlarged There weie marked hemorihoids Urine iich 111 
bile The general clinical 1 picture suggested the diagnosis of cancer of the head 
of the pancreas 

July 12 White blood cells 12,100 Hb 82 per cent Stools contained no 
blood and were of acholic type No evidence of bleeding 

July 13 No evidence of bleeding Intense icteius Blood diaiin diiectly 
into oxalate from arm vein (Table 1 ) 


TABLE 1 — Case 1 Coagulation Time of Blood in Jaundice 


Plasma C 
c c 

Plasma H 
c c 

1 

1 

Calcium Solution 
Drops 

1 

Coagulation lime 
Alinutes 

1 


3 

8 

1 


4 

8 

1 


2 

No clot 


1 

! 3 

4 


1 

1 ^ 

5 


Plasma H is from a noimal man The slight delay of coagulation (Carroll) 
comes nearly within normal limits but may in view of later developments indi- 
cate a slight excess of antithrombin 

July 17 Bed blood-cells 3,500,000 Hb 70 pei cent W B C 12,400 
Bleeding was first noticed Tliere was oozing from the mouth, and blood stained 
feces Patient was in a low delirium 

July 18 Patient bleeding from mouth and theie is some blood stained 
vomitus Blood is present in the stools and patient appears sick and is losing 
ground rapidly 

2 30 p m Blood dravn directly from -vein into oxalate This plasma shoved 
an excess of antithrombin (Table 2 ) 
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TABLE 2— CAsn 1 SrcoM> ExrimMrNT 


Plasma C 
c c 

i 

1 

1 

Plasma D 
c c 

Calcmni Solution 
Drops 

Coagulat 

-Mini 

1 

Start 

lon Time 

itos 

End 

1 


J 1 

11 

lO* 

1 


i 

17 

00' 

j 

1 1 

} 1 

3 

r> 

> 

•> 

I 

ir. ■ 

3V' ' 

8 


1 

1 

.3 


3 ! 

1 

13 ' 

tE* 

n 

1 



2fi 


1 


1 

20 


1 

1 

7 

5’/^ 1 

1 

R n* 


* Clots -vNipcd out often ninl Mibccqiicnt clot*, formed ‘•lowh up to the fimil 
time Plnsmn I) ohtnincd from a normnl dog 


Julj 10, 0 n m Hio plnsmns need on pro\ione da\ ^\eIe kept on uv ErcAi 
spleen cvtrnct made as neunl ('Jahle 3 ) 


table 3— Om: 1 Inmu Exi’iniMrsT 



! 



Coagulation Time, 

Plasma C, 

Pln'^ma D, 

Spleen 

Extract 

Calcium 

Drojis 

^finuti s 

c,c 

c c 

[ 

Drops 

Start j 

1 End 

i 

1 



3 

1 

37 


1 


1 

3 

35 /' 1 

S 12 

1 


5 

3 

35/3 



1 

n 

f) 

1 



Eresh spleen extract is iicli in thromlioplnstin nhicli can nciitiali/e anti- 
thiornbin xmUi rapidiU It o\orconus the slight amount of nntithroinhin in 
normal plasma and clots it in one minute, while the coagulation time of the 
antithrombm plasma is lowered to one-tenth its control (Table 3, Case 1 ) 

July 20, 1 a m Death took place Patient had been in a soinistupor for 
the previous twehe hours Tempciature had been constunlh subnormal 

1 20 a m Blood obtained dnocth’ from auucle and drawn into oxalate 
llie tests given below' were perfoinicd immediately Analjsis shows the excess 
of antithrombm to have disappcired in great pait, while the piothrombin has 
greatly diminished in amount (Table 4 ) 

1 Blood drawn into clean bottle (no oxalate) began to clot slighth at edges 
after one and one half hoiiis, after twelve hoiiis a flabby clot had formed all 
through the blood After tluity-siv hours in the ice box a tough clot had foimed 
with letraction and escape of serum Tlierc was no evidence of clot autolysis 
after three days 

2 Plasma C,^ blood diavvn into a clean bottle (no oxalate) and a few' minutes 
later centnfugalired Plasma a duty orange yellow’, shgbtly opalescent and ricli 
m bile pigments This plasma kept in a bcakci fice fiom blood cells show’od 
a few filmy clots in one and one half liouis and thin clots on tbe w’all of tbc 
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vessel after twelve hours, the center being free from clots After twenty si\ hours 
coagulation was not complete At the end of thiee days a firm clot was foimed 

3 Plasma C," blood (Cairoll) drawn into oxalate, centiifuged and preseived 
as usual — no clots foimed 

4 Plasma D, oxalate plasma fiom a noimal dog 

5 Spleen extiact fiom the same dog, about twelve hours postmoitem 


TABLE 4 — Casl 1 Fourth Experiment 


Plasma C,^ 
No Oxalate 
c c 

Plasma (P, 
Oxalated, 
c c 

Plasma D, 
Oxalated, 
c c 

Spleen 

Extract 

Diops 

! 

Calcium 
Di ops 

i 

Coagulation Time, 
jMinutes 



1 Start 

End 

1 


! 

1 

* 1 

30 60 


1 




2 

40 


1 

1 


5 


35 

50 

1 



10 


35 

60 

1 

1 

^ 1 



12 i 

30+ 



1 

7 

5 

% ! 

% 

1 

1 

1 

7 

5 

16 ! 


1 



5 

2 

14 1 

23 

2 

i 

1 

1 

5 

4 1 

6 


1 1 


! 

5 

50 1 



1 

^1 


3 

1 

'■ i 



Dog serum, which vas twelve hours postmoitem 


From an analysis of Table 4 we may conclude that the excess of 
antithiombm has completely disappeared from this blood, leaving only 
a small amount which may'' be within normal limits The prothrombin 
has been greath'’ diminished, but has fallen not quite to zeio, as the 
blood will clot in hours or days This blood does not inhibit normal 
plasma coagulation Spleen extiact causes some acceleration of coagula- 
tion as does calcium, but the great deviation from normal consists in a 
great drop of the prothiombin content 

The spleen from this case was tested foi its thromboplastin and 
found to contain very little of this element Unfortunatel}", spleen 
extracts vary greatly m their thiomboplastic activity, but it is possible 
that this organ had been depleted of its thromboplastin, whicli had been 
usedTn the neutralization of the blood antithrombin 

Eeciopsy No SId'i — Anatomical diagnosis Caicinoma of the head of the 
pancreas with complete occlusion of the common bile and pancieatic ducts 
extreme icterus, dilatation of bile passages and gall bladdei eirihosis and cen 
tial necrosis of Iner, dilatation of pancreatic ducts with chronic pancreatitis, 
metastases to the nearby lymph nodes and liver, puipura, submucous, subserous 
and disseminated ecchymoses, gastiic and intestinal hemoirhage, pulmonary 
ecchymoses, hemorrhage and edema, absence of blood clots in vascular system 
general arteriosclerosis, emphysema of lungs, chronic adhesive peiitonitis and 
pleiiritis, ca=eous bronchial lymph nodes, hypertrophy of prostate, slight chionie 

nephritis 
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'Jlic both that of a bugo \\lntc iiiulo 101 cm long lligoi moilis i-, 
ent Uhc skin o\ci\\\licic Ins a dcop ictcnc bnc 'Ibc pnpiK aic crpial 'Iborc 
lie iiKielinitc purpniic splolclics .iboiil (he tne n( (lie bcml of (lie clbou (lilotnl 
cnltmc) on ibc foicaiin anti gioin .intl o\<m the (1 ink^^ Li\ei niorti'' i‘' oon- 
spicnoin On nicmon the snbcnfaneom fat is pie(l\ well j.ie^-t net! ami of > 
deep \cllo\\ color Sciltciod thiongboul ibc fat o^(>l the ubdonicii pirtunlailj 
aio little hciiiorihagcs 1 he abdoincn on incision conlnins higbh coloitd mango 
Acllo\t sligbth iuibid fluid {.lOO c c in anioiint) Ibc simll inf<‘'(inp n niodor- 
iteh dilated A\itb ga- and picsciifs a motflod pniplisb ijipoai-uico nppaioiilh 
due to blood citbci in the ninco^a or Inineii 'Ibo Incr apjions nbont a or li cm 
belo\c the costal margin and is deep triccn in color and pic^-onls staoial graanh 
nodnlcs apparenth anon "ro\t(b 1 be gall bladder n lingo and -liglith tbickoiicd 
pi electing 3 Visi to the edge of (be li\ci 

Tboia\ 'J be lungs uo ^ol^ aolnminons eii'-bioiu and toni o\<r (be bcail 
llitie are pniplish flocks ami splo(cbos m (lie fat o\oi tlio jUMiciidial sac, the 
laigei ones nieasunng 1 cm 'J bo ])orioardial oa\in coiit uiis a littb bile ‘•taimd 
blooth fluid J be cnitio- of flic bonil contain no clofs and tliiid blood inns niif 
on section 'Ibc heart weighs ISO gin Xogitne (\(op( for 1 1 1 bMiunr 

Spletai IS laigc and soft weighs 2fTi) gm moi'-uit- rPS\S \ t cm Tin cap 
snle IS irregular and roiiglnnod sjieckod with tun eoiliMnoso-- uni of.acpio \cllow 
aicas of tbickeniiig 'lluro aio o\leii''.\< nroi'- of tbickoiung of flit capsule iieai 
the bilnm On ‘•ection lln* fiabecnlie an onmpuiiom 'lb. blood No-sels stand 
open 'J he pulp ‘'Cia]u»s off t mh <in the knife and n tbtp led, ‘-oft uid %eKet\ 
'Ihe Malpiglinn bodie- arc Ntn iiicoiisjntiinus, i|. nmi in si/t 

Ibc dnodeiinm is nitinut.h i^-'-otiaftd with the lianl mass wbieli uj.ptars 
to ocenpa the ugion of the lit ul of the puitiei*. ’J liere .iie «\teiisne aiei*' of 
pnrpuia in this region 'Ibe les‘-ii i.eritononl caMt\ is paitialh obliterated b\ 
adhesions binding the tiini nodular pamit n to the legion of Die p\loiti‘., gis. 
iiic and hepatic omentum as well as the po‘-terioi wall ol the ‘•toimveb On dis 
sccting out the toinmon dmt it is ftanid to hi enlaigrd and t)ink<aied foinmig' 
a tube about 3’^ cm in dianietei, jus( outside of the wall of the duodenum 'Ibe 
enlarged gill-bladdei nieisnie>- r.’S cm in dinmetei and ]} im in biigOi If is 
quite tense is is the common duct and distended 'J lie (^stI( duet wlieie it ojiciis 
into the common dud nieisuiO', about 1 em in dnmeler 'J lie g.ill Maddei con 
tains lnk^, black, slmu stniigc main nil and no eabiili 

Ihe stomach contains slum (Uiid mitennl Its mucosa has nndcigone some 
post nioi tom digestion Fcclnmoses howeNoi aie mimcious and tasih made out 
Ibe oiifico of the Inlo jiapilla m quite con>.piciioiis. nodiilni and liaid 'Ibeic aio 
two purplish proicctions about fins jiijiilla one about tlie site of the opening 
of the lessei pnncieafic dticf 'J lie bead of the imncreas is of nlinost stoin hard- 
ness and the giowth seems to form a jiiit of the wall which ocenjuc-- the jiosition 
of the bile duct Section tiiiongli the bod\ of the jiancreas shows a gioath 
dilated duct meafiniing 8 or 0 mm in diametei In the distal thud of the organ 
the parencbynia is ginv, iianslnceiit, \ei\ haul and fiini, e\identh in a condition 
of e\trenie cbioiuc pancieatitics w’ltb atioplu Ko c\idencc of new giowtb It 
IS embedded in a thick Inyci of letiojieiitoiieal fat About the middle pad of 
the panel eas it seoins as tbongb some of the tissue is leplaoid 1)\ a new giowtb 
the tissue being gia'sei and nioie giannlai llinn the jiaiicieafic tissue Section 
through the bead of the pancieas and papilla shows a tontiiinoiis giowtli of 
new tissue leplacing ill the noimnl paiciiclnma 

The livei weighs 2,1 lO gm mcasnios 2(1 \ 2] \ cm 'IJie sniface is latlioi 
iiregubu, due to the piesence of giai nodules, some scaicely visible, otbei Inigei 
ones, 2 oi iiioie cm in cliamctei 'Ihe laigei ones aie, as a inle, associated with 
moie 01 less lieinoiiliage !Many of them uic umbilicated They aic fnin to ibe 
touch Ilie livei tissue elsewdieie has a slaty gioen colni On section the livei 
paiencbyma piesents a nutmeg aicliitcctnie, deep gieen alteinatiiig w'lth opaque 
giay aieas, the lattei being about the poital spaces I ninoi nodules of all 
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sizes aie scatteied thickly ovei the section The larger ones show central 
degeneration and necrosis Some of the largest show softening associated with 
hemorrhage and digestion of the tissue, giving rise to cavity formation in the 
nodule 

Intestine The 3e]unum shows a mucosa coated with cui rant-red, blood-stained 
mucus Ecchymoses, howevei, are not numerous here, and this blood in great 
part came from the stomach and duodenum Low in the jejunum, however, are 
a few scatteied ecchymoses 2 to 3 mm m diameter in the submucous tissue The 
ileum IS practically free fiom ecchymoses eveept occasional ones in the sub- 
mucosa The laige intestine shous a similar picture and contains a large amount 
of semifluid, blood-stained, fecal mateiial The other organs need not be described 
Mtcioscoptcal Sections — The lungs show hemorrhage into the alveoli with a 
good many polymorphonuclears, but no fibiin anywhere In the spleen phagocytes 
containing old blood pigment are numerous Marrow of femur shows little hyper- 
plasia, phagocytes, as in the spleen, are numeious 

Kidney Slight chronic nephritis Glomeruli and tubules distended with 
granular, albuminous fluid Some hemoglobin casts are found 

Livei Moderate grade of portal cinhosis with reaction of bile ducts and 
new formed strands of cells The bile canaliculi are enormous and dilated with 
brown colloid material The cancer nodules are associated with the portal struc- 
tures The central cells of many lobules show necrosis and theie is no cellular 
reaction about these dead liver cells In some areas pigmented phagocytes are 
crowded into the capillaries, perhaps the result of repair of preceding livei 
injuries 

There is abundant evidence of a progressive injury, inflammatory reaction 
and repair of the liver lobules Tlie large tumoi nodules show extensive hemoi 
rhage, but no fibrin in any section evamined 

ICTERUS AKD HEMORRHAGIC DISEASE (CASE 1) 

Theie is much confusion about icterus and true hemorrhagic disease 
The preceding case is a true example o± jaundice and bleeding It is 
familiar to all that a slightly delayed coagulation time is fiequently 
associated with icteius but such cases may be opeiated on with no 
danger and calcium will bring the coagulation time back to normal We 
have suggested that this may be due to a binding of calcium by the bile 
pigments, a compound which is broken up with diflSculty, and this 
renders the calcium slowly aiailable foi coagulation 

True hemorrhagic disease is larely associated with obstructive jaun- 
dice,_although the surgeons are fearful of this combination and often 
maka a mistaken diagnosis Calcium has no effect on this condition 
Eor the past two years many cases of severe icterus have been examined, 
as a hemorrhagic tendency was suspected, but the ease above is the only 
one of the series which showed tiue hemorrhagic disease 

It IS of inteiest that w^e can follmv the sequence of events in this 
case duiing the last week of life, while the patient developed this hemor- 
rhagic tendency The patient, in spite of intense icterus, of months" 
duration showed no bleeding tendencies one week before death and a 
blood with normal coagulation factors, except possibly a slight excess of 
antithrombm Four days later true hemorrhagic sjunptoms appeared 
which were due to an excess of antithrombm demonstrated in the blood 
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The blood obtained a lew minutes aftei death showed only a slight 
amount of autithiombm — ^pcihaps a normal amount — ^but a gieat diop 
in piothiombm uhich caused gieat delay in blood coagulation 

This wide fluctuation of antithiombm and prothrombin is of much 
Intel est as they may be iiioie or less intei dependent Theie is some 
OMdenco that antithiombm is pioduced in the liver Under ceitam 
conditions and m ceitam diseases (melena neonatoium — see below) 
this element may quite disappear fiom the blood, but study of such cases 
gnes no clue to the origin of piothiombm 

lleie ve aie dealing vitli a disease-complex m which suielv the 
liepatic changes aie conspicuous and piobably most impoitant fiom the 
standpoint of abnoinialit} of blood coagulation — intense and long- 
standing icteius vith gieat widening of the bile canaliculi and obvious 
enibaria<:sment of tliesc In or cells cancel metastases with rapid invasion 
and desiiuction of paienclnma . Incr ciiihosis of a model ate grade with 
new-foimed cells and aboitnc bile-duct*;, cential liver neciosis of some 
da"^? duiation judging fiom the ccll-pictuie, }et fiee fiom the usual 
miasion bv vantlcimg cells Suicl-\ this i<= a Inci laboiing under diffi- 
culties and icaetmg to mjuiy m an abnoimal vay Theie is no good 
leason vh^ such a Inei could not piocluce an excess of antithiombm 
Ex-perimcnts haic shovn that laiioiis «lmiulants (peptone, thrombin, 
etc ). vhich pioducc an excess of antithiombm m the blood will not do 
«o if the Inei is excluded, m othci voids, the antithiombm excess maA 
be pioduced v holly vithin the Inei Moicoici. theie is cMdencc from 
ceitam expeiinients done m this laboiatoiv that antithiombm is being 
con^^tanth foiined a^; it i<= u<;cd up and is lurnishcd m gieat pait by the 
livei 

‘\Mien paiench}ma cells aie killed m the bodi, we may piesiippose 
an escape of consideiable ainonnts of thiomboplastic substance Tim 
must be neutialwed by the antithiombm oi by some othci agents to 
prevent lapid mtrai a^culai clotting Ncciosis of Inei cells piesiimably 
would flee an exce^^s of thionibopla'^tm and necessitate its neutialwation 
In this case we have an excess of antithionibm which vanished duimg 
the time when Iner neciosis developed May ve not conclude, then, that 
m this instance the antithiombm excess was lenioved oi rendered meit 
by the thromboplastin which escaped fiom the neciotic In'er cells ^ 

The tcimmal diop m piothiombm tempts speculation, but it maj 
be best to lefiain At least theie is a possibility that the liver is con- 
cerned in the elaboration of this substance, prothiombm, which is so 
elusive The piothrombin-antithiombm balance is so delicate and its 
constant maintenance so impoitant to the oiganism that moie than one 
organ may be conceiiied in the equation, as seems to be the case with 
flbimogen (Goodpasture^) 


3 Goodpnstme Am Joui Physiol , January, 1^14 
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TYPHOID (?) LIVER DISEASE (?) BLEEDING — ^RECOVERY 

Case 2 — Sclwab Medical Ko 29,842 White male, aged 50 Admission 
Oct 26, 1912 Eecoveij 

F H, negative P H, typhoid fevei at 19 Patient in bed ninety days 
Vaiious attacks of malaiia for the pievious fifteen yeais History of moderate 
alcohol Gonoiihea twenty five yeais ago Denies lues 

P I began Octobei 12 ivith shaking chills and sweats Since then patient 
has suffeied fiom geneial weakness 

Octohei 26, led blood cells 4,448 000 White blood cells 12,000 Hb 75 per 
cent 

October 28 Widal suggestive Blood cultuie negative 

Octobei 30 Tempeiatuie has been steadily elevated between 101 and 103 F, 
gumg a typhoid like curve Livei enlaiged and smooth Spleen not felt White 
blood-cells 15 000 Blood smeais negative IVasseimann negative 

Xovemhei 2 Bleeding fioin the gums first noticed Tempeiatuie falling 
giadually Clinical diagnosis, tj'phoid fever 

FToveinbei 3 Bleeding from gums quite inaiked Theie aie iiumeious sub 
cutaneous hemoirhages One measures 3 cm in diametei o\ei the deltoid Icteius 
noted in the subcutaneous tissue lied blood cells 3,512,000 W B C 10,480 
Hh 65 pel cent 

November 4 Bleeding time estimated at thiity fom minutes and seieial liouis 
latei at eigheen minutes Coagulation time seven minutes and foity seconds 

Novembei 5 Stools contain blood Bleeding from gums continuous Jaun- 
dice quite evident B C 9,000 Liver palpable C cm below the costal mai- 
gin There aie definite aieas of puipuia aiound ear pucks and abrasions in skm 
Blood diawn directly into oxalate from aim vein (see Table 5) The inaljsis 
of this table shows a definite excess of antithi omhm 

TABLE 5 — CxsL 2 Coagulation liirn in Tytiioid Fever 



'^Clots foinied slowB , wiped out and continued to reform Plasma D, 
Serum D and spleen extract (weak) all fiesh and obtained fiom a noimal dog 


Noiembei 6 Puipuiic spots aie numeious The gums continue to oo/e 
blood Widal vith paiatyphoid negative Hb 38 per cent 

NO! ember 7 Hb 30 per cent Bleeding stopped during the dai Blood 
obtained as usual tested by Dr Howell shoved normal elements of eoagulation 
The excess of antithiombin had disappeared 

Noi ember 12 Hli 4a pei cent Xo moie bleeding Widal negative 






G n WHIPPLJJ 


045 


Xo\ ember 10 Ilb 48 pei cent W B C 7 500 Tempeiatiire had been 
normal but lose to 102 4 F and remained eleiated for ten davs (relapse’) 
Thorax negatne Spleen palpable, but not greatly enlarged 
Noiemlier 21 Blood culture and Widal negatiae 
lso\embei 24 lib 50 per cent \\ B C 3 400 

Dec 22 Patient discharged in good health Lnci at this time still laige 
and quite firm 

Clinical Diagnosis liphoid(’) lollowed hi lelapse Enlarged Inei 

Tins blood-plasma slious the chaiactenstic slow coagulation asso- 
ciated nith antitliiombin excess Tlie soft elot'? mav be removed (wiped 
out ^^l^b a gla^^ lod) e\ei} fe^\ minutes and othei clots uill refoiin, the 
pioccss being icpcaled until the fibiinogen is all ii^ed up This human 
pla«ma dela\cd ilie coagulation of noiinal dog plasma, in which note 
again the clowh-foimed clots and icfoimation aftei remoaal Spleen 
exiiaet aahich is rich in tin omboplastin accoleiaies the coagulation to 
less than noimal but clots noimal plasma in one and one-half minute= 
It acts ha neutiali/in" the antithrombm present Fie'^h nonnal dog 
‘-eium clot^: human and dog plasma alike in tliice minute': indicalmg 
that till'- antithiombin doe=: not letaid the action of piefoimed tlnombin 
on fibnnogcn 

It IS of Intel csl that avithin a feta daas the heinoiihagic tendencic': 
had aaniched and blood examination leaealed noimal elements of coagu- 
lation One 1=: tempted to speculate on tins tiansient up«et of the anti- 
thiombin-piollnombin balance and ccpeciall-) its sponiancowi leiiun io 
iwimal A': no tieatment ba ceiiim etc , aaa'- gnen, a\e aie not confused 
ba' tins tactoi and do not hasten to ciedit this to the tieatment Theie 
i'- no lenson to ''iijqiose that "eiiim injection aaould be of aalue in ''uch 
ra'-es a'- a\e aie dealing not aaith a lack of any blood element, but aaith an 
excess of a noimal coii'-tituent ashich ic noimalla" held in check by some 
mechanism not ai pie'-eiit elcai to u= It the antithiombin is formed 
!)■) tlie liaei and conttanth used up, a': some expeiiments indicate, it 1'= 
piopei to '■uppose that undci ccitain conditions of livei disease oi injina 
theie niaa' be an oaei-pioduction of this substance This case had an 
enlaiged liaci a‘:':ociated aiith an ob^cuie infection but unfoituiiately are 
cannot lepoit on the anatomical change': pie^cnt in the liver 

XriLIAIlY TUnniCLLOSIS — LPIST vxis 

Cast, 3 — ^Iving Autopsy No 3751 Black male, aged 30 Admission June 
27, 1012 Death July 12, 1012 

P II Patient gaie histoij of s\]diilis and there yas a stiong alcoholic liis 
toiy Patient lost ueight fioni 140 to 100 pounds Three months prioi to adniis 
«ion patient bled profuseU fiom the nose, and had such attacks with considci 
able flequenc^ Pitient complained of bleeding fiom nose and syelling of 
abdomen 

P E Indicated piobable enlaigement of Inoi and spleen Theie yas no 
purpuia Jaundice not noted Skin pucks bleed freely Bleeding time seaen 
minutes Bed blood-cells 1 000,000 W B C 1 000 lib 2G per cent Patient 
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had profuse epistaxis during the day, perhaps amounting to 200 cc This was 
checked with difficulty 

June 28 Blood aspiiated from arm vein directly into o\alate This blood 
plasma clotted in a noimal manner in four minutes on the addition of calcium 
The clot retracted to a small volume and showed no digestion after twenty-four 
hours Fibrinogen much below normal ( 083 gm per 100 c c — ^normal 400 gm ) 
This suggested some liver injury 

June 30 Patient had profuse epistavis (100 cc ±) which was checked by 
packing Hb 27 per cent White blood cells 1,100 

July 12 Epistaxis and definite bleeding from the gums Urine constantly 
negative Temperature showed an up and down curve from 99 to 102 5 F Death 
5 30 a m , associated with copious hemorrhage from nasopharynx 

Necropsy — ^No 3761 Anatomical diagnosis Tabes mesentenca, tuberculous 
involvement of thoracic duct, general miliaiy tuberculosis, acute splenic tumor, 
ascites 

Body is that of an emaciated colored man, 146 cm long The pupils are 
equally dilated Eigor mortis is marked There is edema of the ankles and 
feet Abdomen is slightly distended, and half way between umbilicus and pubis 
there is a scar (recent paracentesis) The chest is slightly barrel-shaped On 
opening the abdomen it is found to be distended with clear straw colored fluid, 
but no fluid is found in the pleural or pericardial cavities There is great enlarge 
ment of the mesenteric lymph-nodes, which vary in size from that of a marble 
to that of a hen’s egg They are whitish in color, flrmly bound to each othei 
and to the vertebial column The tiansverse colon and one or two loops of 
small intestines aie also tightly bound to the mass The whole mass measures 
roughly 25 x 15 cm The heart and lungs are normally placed and no adhesions 
of the pleura are found 

Heart negative Lungs show congestion, edema and numeious tubeicles 
Spleen weighs 620 gm It is enormously enlaiged, and letains its shape very 
well The capsule is smooth, glistening and free from adhesions It is verj 
firm in consistence and of a dark purple color On section the same coloi is 
observed, but it is seen to be thickly studded with great numbers of minute yel- 
lowish grains These aie small and almost invisible but are uniformly distributed 
throughout the whole organ The trabeculae are not well seen, apparently being 
widely separated by the increase in the pulp 

Liver weighs 1,500 gm , measures 25 x 19 x 6 cm The surface is smooth, free 
from adhesions, yellowish bro^vn in color and mottled with a few dark reddish 
areas On section numerous small, yellowish tubercles are found scattered 
throughout the whole organ There is also a slight increase in connective tissue 
The lobulation is fairly distinct Gall-bladdei normal 

Microscopical Notes — Lungs filled with small areas of tubeiculosis which are 
of the exudative type There is little connective tissue reaction and few giant 
cells Edema is well marked 

Spleen is a mass of small tubercles The reaction is chiefly exudative, the 
large and small mononuclears being chiefly concerned Necrosis and degener- 
ation are striking Kidney and adrenals show tubercles 

In the liver small tubercles with much necrosis are very numerous, the Iivei 
cells show much atrophy and fatty degeneration Other organs are negative 
Blood Examination — July 12, 8 30 a m (thiee hours aftei death) blood 
drawn directly fiom right heart into oxalate A few filmy clots had formed, but 
the fibrinogen analysis showed 110 gm per hundred c c , which excludes coagu 
lation of any appreciable amount See previous analysis 

Blood drawn directly into a clean bottle with no oxalate starts to clot within 
thirty minutes, forming filmy masses on the side of the container After lemoi’^al 
of this filmy clot, secondary clots form slowly There v as some tendency towards 
digestion of the formed clot after twenty-four hours Plasma D obtained from 
normal dog (Table 6 ) 
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These obse^^atlons aie incomplete, but indicate pietty conclusively a 
slight excess of antithioinbm in the blood at time of death This is one 
of the few cases obseived by us m which theie was evidence of clot 
digestion aftei complete coagulation We have seen two cases in which 
tins clot digestion oi fibiinauto]3'sis was the essential factor in the 
complex and piobabl} accounted lor the piolonged and fatal bleeding 
Moie study of such cases is needed befoie a repoit can be made 


TABLE G — C\sr 3 Covgolvtion Timc or Blood Attfr Death 


Plasma II 
c c 

Plasma D 
c 0 

l 

Calcium Diops 

1 

Coagulation Time 
Minutes 

1 

Stai t 

End 

1 


5 

; 

12 

12-f 

1 


5 

10 

12-f- 

2 

1 

11 

7 

8 

1 

1 

5 

i 

j 1 

G 


It IS to be lemcmbeied that this ca^e did not haie outspoken symp- 
toms of licmoiihngic disease, only pci iodic attacks of profuse epistaxis, 
and dining the la^st day of life some oozing fiom the gums The hbim- 
ogen of ilie blood uas quiie lou, and this would favor prolonged bleeding 
fiom an} small wound oi abia^ion of the mucosa oi vessels A similar 
condition may be met with m liiei ciiihosis with profuse gastiic hemor- 
ihage and low libiinogcn content The blood-clots in such cases are too 
flabbv to seal the ends of tlie 1113111 ed vessels 

This case piobably belongs in the gioup of antithrombm bleedeis 
associated with a septicemia Two wrecks befoie death there was a 
noinial blood coagulation, but latei an excess of antithrombm appeared 
and was a factor in the oozing fiom the gums and epistaxis The bodv 
was full of email, lapidly-giowung miliaiy tubeicles associated with 
much cell neciosis and tissue destiuction It may be argued that the 
split products from this dead protoplasm were absorbed, caiiied to the 
livei wdieie they cauecd stimulation and over-pioduction of antithrombm 
The livei itself w^as diseased and filled wuth tubercles, wdiich process of 
ileelf may hare actuated this ovei -production 

GENURALIZED TIIROMDOSIS ANTITHROMBIN EXCESS 

Case 4 — Dean Autojisy No 3823 Baby born Novembei 20 after difficult 
labor necessitating high foiceps operation Chloiofoim anesthesia thirty-five 
minutes Mothei recoveicd well Placenta examination showed noimal tissue 
Weight of infant fell continuouslv fiom 4,070 to 3,130 gin on the tenth day 
Temperatuie lose to 101 5 F on the third day, but fell to normal shoitly after 
On tenth day of life the baby showed leti action of neck, nystagmus and twitch- 
ing of the extiemities During the next three days these symptoms diminished 
considerably but the general condition was very pooi 
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On the thiiteenth day .iftei biilli an abscess of left cheek -was opened At 
this time a discoloration of fingei tips of left hand and toes of left foot was 
noted Ihis suggested beginning gangrene Child grew gradually woise and 
died December 5, 2 a m Body placed in ice box until time of autopsy Clinical 
impression Septicemia, meningitis, gangieiie 

December G, 11 a m Autopsy peifoimed tliiity -three hours postmoitem 
Blood in heart and laige lessels was quite fluid, no clots This blood clotted 
leadily in contact with the cut tissues Some of it collected in a test tube showed 
no clot at the end of tu o hours but a firm normal clot at the end of twenty hours 

Necropsy — Abstract of Piotocol 3823 

Anatomical Diagnosis Multiple thiomboses imolving umbilical vein, hypo- 
gastric aiteiies and external ihacs, ductus Botalli, aorta and portal vein, 
aneurysm of ductus Botalli, subduial hemoiihages posteiior to ceivical cord, 
slight internal hydiocephalus, pseudo-infarct of livei , fatty degeneiation of 
Msceia, atelectasis, bionchopneumonia 

Body IS that of an emaciated, coloied baby two weeks old, 60 cm in length 
Rigor mortis is piesent The stump of the umbilical cord appeals noimal 
There is an abscess on the left cheek fiom which exudes bloody pus on pressure 
The left foot and ankle are of a deep puiple color On section abdomen appears 
noimal The peiitoneal surfaces are smooth and glistening The mesenteric 
lymph-glands aie injected and seem slightly enlarged and in places hemor- 
ihagic Thymus is normal The pericardial sac contains a normal amount of 
fluid The surface is smooth and glistening The lung surface show's many 
deeply injected aieas larying fiom 1 to 2 cm in diameter On section they aie 
an -containing foi the most pait, but a few reddish, slightly elevated areas are 
to be found 

The spleen is lather soft and grayish in color The Malpighian coipuscles 
can be seen as minute giayish dots Stomach and duodenum are normal The 
bile ducts are patent 

Liver On the antciioi suiface of the left and the middle portion of the light 
lobe IS an iiregularly outlined aiea measuiing 4^/^ x 5 cm which is deep purple 
in coloi On section the puiple aiea above described is definitely outlined and 
contrasts sharply w'lth the adjacent tissue It is of a i eddish purple color w'lth 
indistinct lobulation The parenchyma elsewheic has a yellow'ish, opaque cast 
The portal vein at the hilus and extending into the substance of the livei is 
occluded by a thiombus 

The intestines are injected On opening the aorta a thiombus is found begin- 
ning 1 cm above the bifurcation and extending dow'U into both iliacs, on the left 
to the opening of the epigastric artery, on the right about 1 cm below the open- 
ing of the light hypogastiic arteiy 

The brain is found to be edematous and the vessels injected, and an excess of 
fluid flowed from the ventricles The pia is otheiw'ise normal On section the 
lateral ventricles are somewhat dilated On the posterior suiface of the cervical 
cold IS found a clot which covered an area 3 cm in length The clot appears 
lecent Othei organs need not be desciibed 

Mici oscopical Notes — ^The vessels in some instances show thiombi which are 
paitlv oiganized Lungs show some inteistitial pneumonia somewhat like that 
seen in congenital syphilis The alv'eoli contain an albuminous exudate and 
manv alveolar cells but no fibrin Some sections show extreme atelectasis The 
capiilaiies of the livei aie free fiom blood islands and theie is no evidence of 
svphilis Each lobule shows a cential fatty degeneiation involving about half 
the paienchvma Pancreas and othei visceia aie normal There is no evidence 
of svphilis 

Tlii« case although incomplete, pyidently presented an excess of anti- 
thiomhln in the blood at time death There may haie been a low 
prothrombin fraction, but the gieat acceleiation of coagulation of the 
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blood m coutact with the cut tissues speaks against tins We ma^ 
assume with some ceitamty that this case showed an upset of the anti- 
thiombm-piothiombin balance, and this is of inteiest chiefl}^ because o£ 
its association with extensile vascular thiombosis This infant piobably 
was siiffeimg from a general infection and the antithiombm excess may 
be classed uiili that found in scveie septicemia and lepoited previously 
(Whipple^) 

In this instance ve belieie the excess of antithiombm is in pait 
dependent on extensile iliiombus foimation Under such conditions the 
piodiiction of ilnomhin must be consideiable, and its escape into the 
blood-stieam iiiei liable Tlie intioduction of thiombm into the blood- 
<icam cause': a liaii'-icnt use of anlithiombm as can be studied in the 
dog (Howell’) When a Ihiombu'! is developing slowly m the blood- 
‘^tieam iie may assume a steady escape of thiombin and moie oi less 
eleiation of the antithiombm ciiiie It may not be fai fiom the tiiith 
to Ihiiik of this antithiombin waie as a piocess tending to delimit the 
gioiilh of am thiombu': We mai coii'^idci this antithiombm reaction 
imdci the«o conditions a*: piolectnc and tending to stop thrombii'- 
del elopment It vill be of inter cst to follov this antithiombm ciiive m 
patient's vhcie there is some ccilainty of a piogiessive thrombosis oi 
men an endocaiditis of the malignant t3pe It is inoie than likely that 
tlieie ma} appeal pciiods of low antithiombm blood content which would 
far 01 the <=tait oi giowth ol a thiombii'' 

Xl’LlSTIC ANEMIA, Vh'RVmn, ULEEDING, ANTITTIHOMBIN 

(’asl 5 — R^ko^\sKl Axitop=;v No 3724 male, aged IG Admission 

April 3, 1012 Death !Max 0 Patient complained of faintness 

Pie'jent illness began nine x\ceks befoie death vith epistaxis and bleeding of 
glims Definite \elIo\\ coloi in skin noted one iieck before this 

Apiil 3 Red blood cells 700,000, white blood-cells 2,200, Hb 15 pei cent 
DitTereiitial count showed small inoiioniicleai leukocjtcs S3 pci cent Polynioi- 
phonucleai Iciikocitcs 14 pei cent Xlyclocjtcs 2iA pei cent Blood clotted in 
ti\e minutes, Init the bleeding time was ovci twenty minutes Examination of 
the ej^cs showed a definite ictinitis with extensive hcinonhage Scleiae pale 
and white 

Apiil 10 HiT ongyloxdc^ sici cot ah'! found in consideiable iinmbei in stools 
Wasseiniann negative 

Apiil 10 Bleeding tune veiv iiiiich piolonged and gums oo/e blood constantly 
TIcmoglobin has fallen to 10 pci cent 

Apiil 17 patient w'as given an ivdixecl ii ansfiision of 500 cc defibiinatcd 
blood obtained fioni biothei >Shoitly aftci it his tempciatuie lose to 105 6 E 
accompanied by a chill 

Apiil 18 Purpura noted in skin and mucous iiiembi aiies of tongue Epis- 
taxis staited and continued in spite of cpineplirin 

Apiil 10 Epistaxis wuth slow' oo/ing continued Blood cultiiie and Widal 
both negative lib 22 pci cent Red blood cells 1,224,000 W B C 1,280 A 
few blood platelets weie noted 


4 Peisonal communication 
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Aiml 21 Hb 17 per cent 
April 27, Hb 12 per cent Bleeding continued 
May 3, Hb 9 per cent Epistaxis and oozing continued 
Maj 5, respirations slow and deep Fiesli patches of puipura noted Urine 
flee from bile, urobilin and albumin Tempeiature continued unifoimly between 
99 and 100 1 1' duiing the previous few dajs 

May 6 12 05 p m, death Blood aspnated fiom heait diiectly into oxalate 
at 1 30 p m 

Anatomical Diagnosis — Hemoirbage in the subcutaneous tissues, peiicardium, 
submucous tissues of the trachea, stomach, intestine and lungs, pericardial 
effusion, marked anemia, fatty degeneration of heart muscle, tuberculous 
bronchial lymphadenitis chronic pleural adhesions, rectal polyps, adenoma of 
liver, bronchopneumonia with neciosis, central liver neciosis 

Necropsy — Body is that of a very well iiouiishcd, white boy’’, 152 cm long 
The skin is waxy in appeal ance The mucous membianes aie extremely pale 
There aie a few small, puipuiic spots over the right side of the forehead and 
elsewhere over the face There is an excoiiation on the left side of the nose 
and one on the uppei lip A few small ecchymoses ovep the arm and fading 
ones elsewhere on the body' These aie not conspicuous below the waist except 
for a rather large conglomerate aiea on the right leg Rigor mortis is well 
marked The abdominal visceia are normally^ disposed and serous suiface nor- 
mal The liver and the rest of the organs are extremely pale The mesenteric 
lymph nodes are large and firm Sections, ymllowish-gray in color, homogeneous 
in consistence The thymus is fairly prominent and extends do-wn over the upper 
part of the pericardium It contains a great deal of fat The pericardial sur- 
faces both parietal and visceral are covereed with hemorrhages of various sizes 
from that of a pm-head up to several millimeteis m diameter, flame shaped or 
streaked 

Livei measures 24 x 15 x 7 cm , weighs 1,200 gm Gall-bladder contains thick, 
viscid, black bile The edge is faiily lounded The color is pale On section the 
lobulation is indistinct but legulai 

Bone marrow is firm and yellowish in color, made up almost entirely of fat 
There ai e only a few red specks i epresenting clumps of bone marrow cells 

Mici oscopical Sections — Lungs Areas of bronchopneumonia in which colonies 
of bacteria are conspicuous Tliere is much cell necrosis in these areas and fibrin 
threads are veiy numerous Evidently the cell necrosis freed sufficient thrombo- 
plastin to neutralize the excess of antithrombin in the blood One of the large 
vessels in an area of neciosis contains a small clot in which the fibrin is con- 
fined to the margin of the vessel 

Spleen Malpighian bodies normal Pulp contains little blood and the venules 
show slight thickening of their walls No pigment Ly’mph-nodes are negative 
Bone marrow made up of fat cells There are tw'O or three clumps of normal 
marrow cells numbering six to twelve — complete aplasia 

Duodenum shows evidence of old hemorihage into the villi, vvheie are found 
numerous phagoev'tes containing y'ellow gianular pigment. 

Liver The cells show slight increase in the fine, yellow, intracellular pigment 
There is a central necrosis involving perhaps one tenth of the parenchyma, asso- 
ciated obviously with the necrotizing bronchopneumonia Other organs normal 
Blood Examination — ^May 6, 12 05 p m , death Blood drawn from heart 
into oxalate at 1 30 p m Blood drawn into a clean bottle (no oxalate) started 
to clot in forty five minutes, filmy clots forming on the side of the container 
After wiping out with a glass rod more clots formed in one hour Incomplete 
coagulation in six hours After twenty hours the clot was tough and firm, no 
more forming aftei this 
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Some of tins blood (not oxalalcd) A\as centiifngali^ed and this pioceduie and 
snbsofjtK'nt liandhng Mas associated "vvitli aceeleiation of clotting The anemia 
was piofoiind and 50 c c of blood aftei centnfugalization yielded only about 
lee of led cells 


d ABLE 7 — Case 5 Coagxjl.\.tiox Tiaie of Beood After Death 


i 

Plasma II 
c c 

Plasma D 
c c 

Calcium Diops 

1 

Coagulation Time 
Minutes 

! 

Start 

End 


1 

5 


5 

1 


5 

15 

17 

1 

1 

10 * 

0 i 

— 

2 

1 

15 

14 

— 

3 

1 

1 

20 

11 

1 

1 


Plasma D was fiom a noimal dog The coagulation of all mixtuies of plasma 
II was in a fi actional inannci as dcsciibed foi the whole blood, although veiy 
much less marked (Table 7 ) Aftei twenty-foui houis the same plasmas were 
tested with '^omc fic'^h spleen c\tiact 


TABLE S — C\SE 5 CoagelxVtiox Time with Splee'^ Extract 


Plasma 11, 
c c 

PI i-ma D, 
c c 

Spleen 

Extinct 

Di ops 

Calcium 

Drops 

Coagulation Time, 
Minutes 

Start 1 

End 

1 1 


i 

5 

30 



1 


5 


6 

1 


G 

5 


1 2 


1 

G 

o 

\ 


1 


Tables 7 and 8 and the obseivation on the wliole blood give conclusive 
evidence of an excess of antitlnombin Theie is no lack of prothiombm, 
as the spleen extiact clots the human plasma at once, due simply to a 
neutialization of the antitlnombin, which is the only abnormal factor 
in the equation 

It IS of interest to note the effect of an indiiect tiansfusion which was 
followed by a febiile leaction and doubled the patient’s hemoglobin 
The bleeding continued and evidently the antitlnombin excess was in no 
gieat degiee influenced by this pioceduie On theoretical grounds it does 
not seem 3 ustifiablc to intioduce defibrinated blood winch is rich in 
tlnombin into a circulation in which antithrombin is in excess There 
IS e%ery leason. to suppose this proceduie would be followed by an anti- 
thiombni ivave which might make matteis even worse The tiansfusion 
if attempted should be diiect 
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LEUKEMA, PUKPUIIA, BLEEDING, ANTITHEOMBIN 

Case 6 — Sliema Medical No 31151 White male, aged 26 Admission 
July 7 Patient was in a despeiate condition due to repeated liemoriliage Patient 
had suffered fiom severe hemoiihages fiom' the nose during the past three weeks 
Ihe nasal passages had been packed but the bleeding was not completely checked 
Gums had been oozing constantly up till the last day of life Patient was dysp- 
neic and very weak There was no history of any previous attacks of hemor 
ihage, and family history was normal Patient’s past history was negative 
evcept for an attack of gonorihea about five years previously, associated with 
some joint complications 

Exarmnation — The patient is veiy pale and thin Ptespii ations Avere of air 
hungei type Purpuia everywhere oi'^ei tiunk and limbs The patches weie of 
all sizes from pin-head specks up to spots 1 cm in diameter, both old. and lecent 
Theie Avas edema of feet and ankles No icterus The spleen Avas enlarged Red 
blood cells 1,092,0(10 W B, C 75,300 Hb less than 10 pei cent Blood smears 
examined by Di Guthrie gave evidence favoring the diagnosis of chionic myelog- 
enous leukemia Theie Aveio numeious immatuie polymoi phonuclear leukocytes 
and myelocytes Eosinophils AACie numeious Nucleated reds very abundant 

Death occuiied at 12 m JuW 7 No autopsy Blood aspiiated from heart 
directly into oxalate at 3 30 p m Blood also draivn directly into a clean bottle 
AAith no oxalate and centrifugalized Dm mg this piocess a flabby clot formed 
at 3 50 p m Ihis small clot Avas lemoved and othei secondary clots refoimed 
and AA'ere removed at inteivals during the next tivo houis Small clots foimed 
in this same plasma ovei night, completing the coagulation, and no subsequent 
clots leformed after this time Theie was no autolysis of the blood clot 

Plasma and serum C from a noimal cat Spleen extract (dilute) fiom same 
cat sacrificed at time of experiment (Table 9 ) 


TABLE 9 — Case C Coagulation Time of Blood AnrE Death 


Plasma H, 
c c 

Plasma C , 
e c 

Serum C, 
c c 

Spleen 

Extract 

Diops 

Calciuni 

Drops 

Coagulation Time, 
Minutes 

Start 

End 

1 

1 1 


1 1 

1 

! 3 

17 

"25 60-f 


1 



2 

4 

5 

1 

1 
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1 
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ly 


1 


15 

2 

1 1 

1 

1 % 


^ Coagulation proceeded sIoaaIv in fi actions aftei clots Aiere AAuped out by 
glass lod at inteiAmls 


Table 9 shows clearly that the human blood contained an excess of 
aniithiombin and othei Aiise was normal The cat serum contained a 
good deal of thiomhoplastin and accelerated coagulation of noimal as 
well as human plasma The human plasma caused definite delay in 
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coagulation of noimal cat's plasma The fibiinogen was low, but not 
unclei 0 1 gm per 100 c c 

The two pieceding cases furnish evidence that the puipuras and 
vaiious hcmoiihagic symptoms often associated with blood diseases, 
especially leukemia, aie due to an excess of antithiombin The case of 
aplastic anemia with inactive bone mairow almost completely excludes 
the bone maiiow as a factoi in this antithrombin upset 

It IS unfoitiinatc that the platelets weie not enumeiated in these two 
cases It is possible that they weie diminished in the fiist case of aplastic 
anemia but veiy unlikely in the second case (Shema) of chronic leuke- 
mia The platelets aie usuall}^ incieased m numbei in myelogenous 
leukemia 

Duke' ha‘5 lecently called attention to ceitain cases of puipuia and 
bleeding in which the platelets aie gieatly diminished lie believes this 
to be the sole can've of the tendeiicv to hemoiihage, but it does not seem 
that this point lias been established be 3 ^ond leasonable doubt, as he has 
not followed the elements of blood coagulation The bleeding time in 
chlorofoim poisoning may be houis and the coagulation time noimal 
The platelets aie noimal oi incieased, and the essential lesion is a gieat 
diop in fibnnogen, lendeiing the clots too flabby to clieck hemoiihage 

In the cases lepoitcd by him, it is possible that an excess of anti- 
thiombin Mas picsent Blood diaum tlnough the tissues (eai punctuie) 
IS of no value foi the dcteimination of antithiombin (udien negative) as 
tlie tissue juices may have neutialued all the excess of antithrombin 
Theie may be a sufficient excess of antithiombin to oveicome the throm- 
boplastin of the tissues and favor piolonged oozing fiom cuts and punc- 
tuies (delayed bleeding time) One can imagine an excess of anti- 
thrombin capable of delaying the coagulation of the blood on contact 
Muth injuied tissues (eai punctuie) and so favoiing bleeding, yet this 
excess might be used up by this veiy contact with the cut tissues, and the 
blood escaping give a coagulation time of seven to eight minutes Duke’s 
'suggestion that the platelet Ihiombi noimally foiming at the ends of the 
cut vessels aie a gieat aid in stopping hemoiihage is peifectly logical 
and piobably tiue Theie may Avell be othei factoi s concerned in the 
diseases which he has studied, and these should be controlled, as the 
platelet tlieoiy is more oi less a mechanical explanation 

It is conceivable that the thiomboplastic content of various tissues 
may vary widely under diflerent conditions and may be concerned in 
piomoting 01 checking hemoirhage when the normal factors of blood 
coagulation aie upset It is not difficult to imagine a drop in thrombo- 
plastin tissue content when there has been a long peiiod of antithrombin 
excess in the blood, and it is possible that this may be an important 

5 Duke, W W The Abciiives Int Med, 1912, 445 
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factoi The methods available at present give unsatisfactory results in 
attempting estimates of the thromboplastin content of various organs and 
tissues 

There is a tendency among certain writers to attiibute the symptoms 
of hemorrhagic disease, purpura, bleeding from the mucous membranes, 
etc , to a temporary increase in fragility oi permeability of the capillary 
vessels This seems to us to be merely avoidmg the issue and ignoiing 
well established facts, which alone are sufficient to explain all the symp- 
toms It will be admitted that bleeding from the gums, mucous mem- 
branes, skin punctures, etc , can be produced experimentally in a variet} 
of ways We may produce it experimentally by chloroform poisoning, 
which acts by decreasing the fibrinogen almost to zero in extreme cases, 
and by peptone injections under favorable conditions where an excess 
of antithrombin is the essential feature The bleeding will appear within 
a few hours after this abnormal condition of the blood appears and vanish 
as the blood returns toward its normal equilibrium Surely it is asking 
much of one’s imagination to postulate a variation in fi agility of the 
vessel walls during this short space of time It will be noted, too, thai 
the bleeding occurs around the teeth wheie there is a constant inflamma- 
tion and tissue injury due to trauma and bacteria The mucous mem- 
branes are delicate and subjected to constant trauma which we must 
imagine cause tinial injuries to the surface and capillaries which are 
so close to the surface It will be recalled that purpura is always most 
marked on surfaces exposed to tiauma It is not too much to suppose 
that tiifling capillary injury is being constantly repaired under normal 
conditions Given an abnormality of coagulation, even the most trivial 
injury may permit of escape of blood into the tissues, or from the surface 
of the mucous membranes 


MELENA NEONATOHUM PROTHROMBIXT ABSEE'T 

Case 7 — Baby Chapman, age 2 weeks Birth May 26, 1912 Death June 
10 2 a m 

Clmtcal Histoiy — ^h'lothei, aged 25, has had tivo childien and one miscairnge 
The last child born about a year ago is healthy^ Mother gave a positive Wassei- 
mann leaction 

May 26 Spontaneous deliveiy with no difficulty Placenta normal, no evi- 
dence of s 3 philis Child measured 47 cm and weighed 2,800 gm at biith The 
weight of the child diminished as usual and then remained constant with no 
upwmrd tendency During the last week weight fluctuated between 2,500 and 
2,450 gm Temperature wms normal 

June 4 Retraction of foreskin, which was associated with a good deal of 
bleeding 

June 5 Continuous oozing from foreskin in spite of all efforts to check 
bleeding 

June 6 Hemorrhage continued in spite of clamps, various styptics and actual 
cautery Human seium, 3 cc, given subcutaneously Icterus of the conjunctivae 

7 Ho bleeding Condition much better, gnen calcium lactate 
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June S Ilunian seium, 2 5 cc, given subcutaneously, slight bleeding noted 
fiom the cord and little blood in vomitus No blood in stools 

June 9, 9 p m Consideiable hemonhage fiom the umbilicus, followed by 
gicat loss of stiength and death June 10 at 2 a in 

Clinical Diagnosis — ^Ileniorihagic disease of new-born, syphilis 
Autopsy June 10, 10 a m No 3735 

Anatomical Diagnosis — ^Ilcnioi i hagic disease, absence of blood clots in vascu- 
lar sjstem, general icteius, subcutaneous and pulmonaiy hemorihages, acute 
splenic tumoi , anemia, bronchopneumonia, absence of piothiombin 

Bod}’ IS that of a u ell-developed normal appealing negio male infant, 47 cm 
in length Ihe bod} is cool and iigoi moilis is piescnt Jaundice is well maiked 
in the mucous membranes, conjunctivae and subcutaneous tissues Thoiav 
opened and blood aspirited fiom the heait in sitiij about 30 cc of blood obtained 
Ihe blood is quite fluid, and thcie is no cMdenco of any clot foimation in any 
pait of the -lasculai s}stem llioiax noimal, except foi some small aieas of 
purpuia in the subcutaneous tissue over ihe thoiax Theie are ccchymoses in 
the tin mus and indefinite pin plish splotches in the lungs Thymus is of normal 
«i/e, leiN pale, IcmoiMellovi coloi and tianshicent, normal on section 

Iloait IS of iioim.il =i/e, fiimly conti acted Ihe intima and valves thiough- 
out aie quite noimal Ileait muscle is of a pale biowmsh led coloi and unifoim 
on ‘section 

Lungs aie ^o]umlnous and pale lemon coloi, downy feeling antenoily, lather 
heaw ind moist posteiioily Ihe bionchi contain slimy mucus and some vomitus 
Jhc mucosa is pale cicr}vheic Ihe acssoIs at the lnlum are noimal and con- 
tain no clots Section shovs jiale, unifoini uppei and antciior poition, while 
the postciioi poitions show a mottled appeaiance due to indefinite splotches and 
specks of blight puiple coloi, looking nioie like tinv aieas of hemonhage than 
like areas of consolidation 

Spleen weighs about 0 gm It is about double ihe si/e of the normal spleen 
of an inf lilt of this si/e It is soft, the edges aic lounded The capsule is thin 
and delicate Section shows a lather achety and deep puiphsh pulp having a 
chocolate tinge The Malpighian bodies arc small and cleanly outlined The 
pulp SCI apes off easily and obscuies the tiabcculac 

Lner is noimal si/e and definitely jaundiced, having an olive green coloi wnth 
a slight }ellowisli tint 'ihe lobulation is legular The cut section is uniform 
and lather tianslucent Ihe gall-bladdei contains thin fluid bile and is not 
particular!} distended No obstiuction to the outflow of bile can be made out 
Pancreas is of noimal ''i7c. aci} pale, milky-AA'hite and uniform in appeaiance 
Mesentciic glands are definitely enlaiged and lathei conspicuous in the 
mesentery aaIicic the fat has undcigono some legicssion The lymph-nodes in 
other paits of tlie body aic lathei conspicuous but uniformly pale and trans- 
lucent on section 

Stomach contains cuids and milky fluid The mucosa is pale There is no 
evidence of any hemorrhage The mucous membiane is intact throughout the 
intestinal tract Avherevei examined The small and large intestine shoAv no 
evidence of any blood escaping from the mucosa Intestines aie decidedly pale, 
and except for a certain amount of disiention AVith gas, perfectly normal in 
gross Adrenals aie lather smaller than normal, about one-half the size of a 
normal child, but uniform in appeaiance, with a legular cortex and medulla 
Kidneys aie normal Bladder and prostate are normal Aorta is perfectly 
elastic and normal thioughout 

Bones The line of ossification at the loAver end of the femur is slightly Avider 
than normal but straight, regular and sharply outlined The bone marroAV has 
a currant red and juicy appearance Brain could not be examined 

Microscopical Notes — Thymus is normal, not of regressive type Mononuclear 
eosinophils are numerous 
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Lungs show lesions suggestive of congenital syphilis The septa aie thick 
and the stioma rich in mononuclear cells In places are patches of desquamative 
pneumonia, no fibrin is found in any section The blood-vessels show thickened 
walls and the capillaries are relatively inconspicuous in the walls of the alveoli 

Spleen shows normal Malpighian corpuscles The pulp is full of blood and 
the sinuses engoiged Phagocytosis by endothelial cells is rare Nucleated led 
cells are numerous Few eosinophils Mesenteric glands are unifoim Sinuses 
dilated with endothelial cells, many of which aie actively phagocytic, some 
including as many as six mononuclear cells Kidney, adrenal and pi estate aie 
normal 

The liver cells are noimal except for conspicuous bile canaliculi filled with 
gieenish colloid Between the columns of liver cells aie a few nests of mono 
nucleai cells like those seen in congenital syphilis Levaditi stains in all organs 
show no spirochetes 

Blood Examitiation — Blood taken from right auiicle at 10 30 a m Theie 
Aveie no clots to he found anywhere in the vascular system after the most caic 
ful search 

1 Blood containing no oxalate (about 10 cc) taken from lieait The 
coipuscles settled by gravity giving mateiial used in Table 10 (Plasma II, non- 
oxalated) Tlieie was no clotting after a period of forty eight hours 

2 Blood 20 c c added to 2 c c sodium oxalate ( 1 per cent ) and centrifugal- 
ized, giving a slightly turbid orange yellow plasma whose froth was definitely 
greenish fiom the piesence of bile pigments The calcium oxalate precipitate 
was more abundant than usual after centrifugalization Plasma H — oxalated — 
used 

3 Spleen Extract H, made by grinding the spleen pulp with sand and two 
volumes of Ringer’s solution followed by filtration 

4 Spleen extract D, fresh extiact of same type fiom dog 

5 Plasma D, and 6 , Serum D, both fresh plasma and seium from noimal dog 


TABLE 10 — Case 7 — Coagulation Tnrc of Blood After Death 


Plasma H, 
Oxalate, 
c c 

Plasma H, 
No Ox 
e c 

Plasma D, 
c c 

Seium D 
c c 

Calcium 

Diops 

Coagulation Time 
Minutes 


1 


1 


9 


1 


2 


9 



1 


5 

7 

1 




5 

•y- 

1 


1 


7 

3 

2 


1 


12 

4 

2 


1 


12 

4 



1 

T 

10 

5 


* = No clot in forty-eight lioui s 7 — 1 c c Ringer’s solution 


1 Dog plasma (1 cc ) + spleen extract H, 7 drops -}- calcium, 5 diops = clot 
in 1 % minutes 

2 Plasma H , no oxalate (1 c c ) + spleen extract H, 9 drops = no clot in 
24 hours, at this time clotted by adding seium D 

3 Plasma H , oxalated (1 c c ) + spleen extract D, 5 drops = no clot in 24 
hours, then clotted by serum D 

4 Plasma H , oxalated (1 c c ) -(- spleen extract D, 4 drops = no clot in 
24 hours, then clotted by serum D 
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6 Plasma H, o\alated (1 cc)+ serum D (1 ce)=clot formed in 12 
minutes 

6 Plasma H, ovalated (1 cc) +puie tliiombin, 7 drops = clot, starts in 
6 minutes, complete in 10 minutes 

7 Plasma H, no oxalate (% cc) + pure thrombin, 7 drops = firm clot in 
13 minutes 

The data above make it absolutely ceitain that m this case of melena 
neonatorum the only abnormality was the absence of protli'i ombin The 
plasma is leadily clotted by fiesh seium oi pure thiombin which later 
was obtained tlirough the kindness of Dr Howell and prepared after his 
method desciibcd in a lecent publication This plasma does not delay 
the coagulation of noimal plasma showing an absence of any anti- 
thi ombin evee'ss Fibiiiiogen and calcium are present at least in normal 
amounts The spleen extract fiom this case contains an abundance of 
thiombopla'slm Thcie is clinical evidence of improvement following 
lieatmeiit by human seium which, of couise, furnishes the missing factor 
of coagulation, but in this case the improvement was transient 

We have lepoiied a similai case in an eailier communication, in 
which the eiidence pointed piett)"^ conclusively to a total absence of 
prothiomliin This ca«e stiengthens the aigument that this group of 
cases IS quite clean cut with constant blood-findmgs There was con- 
clusiie pi oof of fibiin foimation in the lung of this case previously 
leportcd, but this coagulum had been formed several days previous to 
the onset of hemoirhagic tendencies and death Also this first case gave 
no eMdence of an) oiganic oi infectious disease and no hint of the source 
of prothi ombin foimation 

The case repoited heie shows evidence of the syphilitic viius although 
no spirochetes can be demonstrated and the placenta was normal It is 
possible that sjqihilis was impoitant in the etiology of this case, but 
study of the oigans gives no clue to the oiigin of pi otlii ombin 

CONCLUSIONS 

The antithrombm-piotlii ombin balance in the blood is m delicate 
equilibrium but under noimal conditions theie are stiong factors which 
can pieseive this balance Under experimental conditions this may 
necessitate rapid neutialization of antithi ombin excess, again a rapid 
production of fresh antithi ombin or pi otlii ombin There are wide 
margins of safety in the noimal animal 

This antithrombm-protlirombm balance may be tempoiarily or per- 
manently upset under disease conditions as reported in the preceding 
cases The pi oihi ombin factor is larely involved, but it may diop to 
zero (Case 7) or to a low level (Case 1) which will be associated with 
hemoirhagic symptoms 
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The anUth omhin factor is fiequently involved and if tins element is 
nincli increased above normal there will be a tendency toward hemoi- 
ihage, puipnra, etc, depending in part on the duration of the change, 
but especially on the amount of antithrombin excess 

It may he assumed that duiing these wide fluctuations of anUthi ombin 
it may fall heloiu normal, whereupon there would be a tendenc}^ to vascu- 
lar thiombosis Given a low antithrombin content a minor injury to the 
intima might initiate a thrombus which would grow rapidly "With the 
groivtli of a thrombus there would be the formation of much thrombin 
which would escape into the blood and stimulate the organ (liver) pro- 
ducing antithrombin This might result in an antithrombin wave — a 
period of antithrombin excess (Case 4) — which would check the grmvth 
of thrombi and give the endothelium opportunity to cover over the fresh 
thrombi, thus removing the foci of thrombin formation The anti- 
thrombin wave may fall promptly to normal or persist for weeks, but 
if its duration is a matter of days tbeie will appear signs of hemoirhagic 
disease (Case 3) 

It seems highly probable that under certain conditions livei injury 
01 disease may be associated with an excess of antithrombin in the blood 
capable of giving hemoiihagic sjunptoms (Cases 1 and 2) Also certain 
substances in the blood fpeotone, thiombin) will bring about an over- 
production of antithrombin due probably in great part to stimulation of 
the li\er Tinder this heading may be grouped cases of septicemia 
(reported previously), pneumonia (Dochez) endocarditis, miliaiy tuber- 
culosis (Case 3) generalized vascular thrombosis (Case 4), etc 

True hemorrhagic disease is rarely associated with simple obstructive 
icterus, contrary to common belief Delayed coagulation time in jaun- 
dice may be influenced favorably by calcium, but such cases do not suffer 
from bleeding unless there is some other abnormality — for example, an 
exce&b of antithrombin In these rare cases of true hemorrhagic disease 
associated with profound icterus, we may presuppose some liver disease 
and an upset in the antithrombin-prothrombin balance (Case 1) Cal- 
cium has no effect on this condition 

Disease of the blood-forming organs may present symptoms of hemor- 
rhagic disease (aplastic anemia. Case 6 and leukemia. Case 6) because 
of an excess of antithrombin in the blood It is unlikely that the blood- 
forming tissues are directly concerned m the antithrombin production 
as this element is much in excess in the case of anemia (Case 5) with 
complete marrow aplasia It is possible that the products of blood-cell 
disintegration may stimulate an overproduction of antithrombin It 
will be recalled that puipura and hemorrhagic tendencies are more com- 
mon m acute leukemias in which the evidences of blood-cell disintegra- 
tion are most marked It is probable that the majority of hemorihagic 
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cases and pnipuias associated with leulcemias and anemias belong in the 
antithrombm gionp 

The disease called melena neonaioiurn in many, perhaps all, instances 
IS characterized by a relatively sudden disappearance of prothrombin 
from the blood This condition usually develops during the first two 
weeks of life and is often fatal The cases react favorably to fresh serum 
treatment 

Trcatuicnt of hemoiihagic disease should follow a careful analysis of 
the blood as harm can be done by faulty tieatment In cases of low oi 
absent piothiombiii, it is clear that seium which is rich in this element is 
indicated and in many cases produces almost miraculous cures It should 
be gnen iiitiaienoiisly if possible Direct transfusion is of even greater 
lalue 

Tieatment of antithrombm cases offers great difficulties Seium 
tieatment offcis no help and it may even stimulate a still greater over- 
production of antithiombm Indirect transfusion is open to the same 
criticism (Case 5) as large amounts of thrombin aie introduced It may 
be possible to find some safe way to introduce thromboplastin into the 
blood-stieam in the hopes of neutializmg the antithrombm excess If 
the means by which the antithiombm is neutralized or used up m the 
noimal body can be found out by various animal experiments, the solution 
of this problem m treatment of antithrombm cases may be reached At 
present direct transfusion seems to offer the greatest hope of permanent 
benefit 



PEACTICAL STUDIES ON THE SO-CALLED SYPHILIS 
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PHILADEr-PHIA 

Of most interest and importance in the serum diagnosis of syphilis 
IS the question of "antigens/’ not only from the standpoint of efiBciency 
and specificity, but also from the possibility of throwing more light on 
the nature of the reaction 

When Wassermann, Neisser and Bruck originally applied the Bordet- 
Gengou phenomenon of complement-fixation to the diagnosis of syphilis, 
the causative organism, Tieponema palhdum, had not been isolated in 
pure culture, so they selected the fetal liver of congenital syphilis because 
rich in the Ti eponema, ±oi making the antigen Seeming well-marked 
and definite results, they concluded that the specific antigenic properties 
of the extract were due to the presence of the T palhda and that the 
reaction was an example of specific union of antigen and antibody Sub- 
sequent investigation indicates that this is partially true, as the antigenic 
principles of T palhda are extractable in salt solution, and in some cases 
of syphilis there exists a true antibody which will unite with the tine 
T palhda antigen But it is probable that if the original investigators 
had had a pure culture of T pallvda for antigen the great practical value 
of the syphilis reaction would not have been readily realized, as recent 
work with T palhda antigens shows weaker and more inconstant results 
and is of less practical value as compared with tissue extracts 

The belief in the specific nature of the ^^antigen” was early shaken by 
the investigation of Mane and Levaditi,^ who showed that an extract of 
a normal liver could replace an extract of a syphilitic liver in the 
reaction This discoveiy was abundantly confirmed by the subsequent 
investigations of Forges and Meier,^ Landsteiner, Muller and Potzl,^ 
Levaditi and Yamanouchi,^ Noguchi and Bronfenbrenner,®- ® and otheis. 

Submitted foi publication July 16, 1913 

From the Laboratory of Experimental Pathology, University of Pennsyl- 
vania, Philadelphia, Pa 
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witli Yanous extracts of Yanous non-sj^Dlnlitic organs These inYesti- 
gations also showed that the ^^antigen^’ Y’’as soluble m alcohol and 
probably of the nature of a lipoid Hence the original conceptions of 
the reaction weie not tenable, although it is fortunate that a tissue was 
selected foi the oiiginal “antigen”, otherwise this leaction, of great 
diagnostic ^alue and therapeutic guidance, may haYe been delayed in its 
development 

As soon as the impoitant idle of lipoids in this leaction was demon- 
strated, attempts were made to substitute the complicated tissue extracts 
with pure solutions of hpoid« Among these, lecithin, sodium tauro- 
cholate, glycoeholate, oleic acid, oleates, cholestenn, etc , have been tried 
alone and in combination It was soon found that many tissue extracts 
were unsuitable foi the reaction because of the presence of impurities 
which caused non-specific inhibition of hemolysis or v^ere in themselves 
hemolytic Noguchi, and later Noguchi and Bronfenbrenner, endeavored 
to piiiify extracts by fractional solution and precipitation and succeeded 
in devising an extract of acetone insoluble lipoids composed largely of 
lecithin vhich has given good results Later, Browning, Cruicksliank 
and Mackenzie" found that a mixture of lecithin and cholestenn yielded 
particularly specific leactions in sj^ihihs The latest notable advance 
has been the suggG<5tion of ITans Sacks® to combine the alcoholic extracts 
of normal oigans v.uth cholestenn He has found such preparations to 
possess propel ties equal to the best syphilitic extracts This work has 
been confinned by McIntosh and Fildes,® who feel that in this com- 
X bination the requirements of a “standaid antigen” have finally been 
lealized We have studied these antigens with paiticulai care, the results 
being given in this communication 

It was hoped that with the isolation of the Ti eponema pallidum the 
question of specific antigen would be solved Noguchi^® having accom- 
plished the difficult task of isolation, piepared an antigen by extracting 
several strains in salt solution and used the antigen in the seium 
diagnosis of syphilis with the lesult that a specific antibody was 
demonstrated, especially in teitiaiy syphilis, or cases under treatment 
Noguchi consider ed that reactions with specific T pallida antigen would 
indicate the degree of lesistance of the patient as shown by the amount 
of complement fixed, depending on the quantity of specific antibody 
present in the patient’s serum The woik as continued by Craig and 

7 Browning, C H, Cruickskank, J, and Mackenzie, J Biochem Ztschr , 
1910, XXV, 85, Jour Path and Bact, 1910, xiv, 484 

8 Sacks, H Berl klin Wchnschr , 1911, p 2066 

0 McIntosh, J , and Fildes, P Ztschr f Chemotherapie, 1912, i, 79 
10 Noguchi, H Jour Am Med Assn, 1912, Iviii, 1163 
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ISTickols’^ and oui selves/- shows that reactions with T palhda antigens 
are geneially weaker and more inconstant than reactions with tissue 
extracts and are of limited value Craig and ISTickols also showed that 
fixation would occur with antigens of S peitemus (yaws) and 8 micio- 
deniium This indicates a gioup leaction, and when these lesults are 
compared to similar studies of others and our own on the differentiation 
of stieptococci, diphtheria bacilli and the typhoid-colon group of bacilli 
by specific complement fixation reactions^ it is evident that either the 
amboceptoi produced by a membei of the group is not specific for its 
antigen or that by our present methods we are unable to extract the 
definite and specific antigenic substance from the organism 

The sum total of investigation indicates, therefore, the presence of 
two antisubstances in the serum of a sj^ihilitic patient One is of the 
nature of a reactionary substance of the body cells, a pioduct of decom- 
position or an altered body protein ("reagin^^), which has as its chief 
property an affinity for lipoids This substance is regulaily produced 
by the Tieponema palUdiim and is lesponsible for the positive comple- 
ment “fixation’ with lipoidal extracts A similar “reagin” is produced 
during infections uith the spirochete of yaws and the bacillus of lepiosy 
and IS responsible for the positive Wassermann leaetion found in these 
diseases Our work with spirochete antigens indicates also that this 
“reagin” will yield non-specific reactions of minor degree with the 
lipoidal substance'! present in culture media and other alien organisms, 
as B typhosus and B clioleia The true nature of this “antibody,” so 
well designated by Simon as “lipodophilic, ’ is unknown, although the 
work of Klausner, I^oguchi, Friedmann and others, tend to show that 
it IS of the natuie of a globulin 

fihe second antisubstance is probably the tiue pallida antibody in 
the nature of an amboceptor, although as far as has been demonstrated 
by complement fixation reactions, its presence in syphilitic serums is 
mconstant, and, as already mentioned, it reacts with a group of spiio- 
chetes closely resembling the Treponema palhdum 

However, since a lipodophilic “leagin” seems to be such an important 
and promment factoi in the serum diagnosis of syphilis, because of its 
affinity for lipoids, it may be that considerable light may be thrown on 
the specificity and nature of Wassermann’s reaction by a closer study of 
lipoids As will be shown in this communication, there can be little 
doubx of the importance of cholestenn in this connection and it is not 
beyond the realm of possibilities that a particular lipoid altered by 
syphilitic infection, may solve the pioblem of “specificity” 

11 Craig, C F , and Nickols, H J Jour Exper Med , 1912, xvi, 336 

12 Kolmer, J A , Williams, W W , and Laubaugh, E E Jour Med 
Eesearcli, Juty, 1913 
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ANTIGEN 

Fiom llie piactical standpoint any extract or piepaiation to be 
suitable as ‘^antigen” should answer the following requirements 

1 It should possess a high degiec of sensitiveness and specificity for syphilitic 
seium 

2 It should not giie false leactioiis with iioimal seiums, a pioper technic 
being used 

3 It should be leasoiiably stable and not difficult of preparation, and diffei- 
ent pieparations should bear a leasonable relationship to each other in their 
properties 

The laige numbei of different extracts and combination preparations 
of the lipoids advocated from time to time bear definite witness to the 
unsatisfaetoi} state of our knowledge and is largely responsible for the 
inconstant and \aiying lesiilts of different woikeis, and demonstrates 
the need of a ‘‘standard antigen ” 

We have made an extensive comparative study of the usual and 
better knonm “untigens, ^ and the object of the present communication 
IS to biiefly recoid our results from a practical standpoint, along with a 
technic which wc aie using and which in oui experience renders the 
reaction more reliable and less apt to yield pseudo-reactions, namely, to 
use seveial “antigens” with each serum being tested, for results show 
quite definitely that the lipodophilic reagin oi the so-called syphilis 
“antibody” m different seiums has a different affinity for different 
lipoid al extracts, and that these differences are independent of any 
changes occuiiing m the “antigens” themselves With the serum of 
actne syphilis most any extract will serve to yield a positive reaction, but 
when the amount of “leagin” is small, as in long-standing or vigorously 
treated cases, the question of “antigen” and technic becomes one of 
consideiable importance It is in such cases that we have noted the 
varying degrees of reaction with different “antigens” of equal efficieney, 
and it was not uncommon to find a negative reaction with one antigen 
and positiie with the others In not a few cases dependence on a single 
extract would have led to false negative reaction with serums of cases 
where the treatment was being guided by the serum reactions 

METHOD OE STUDY 

Since alcoholic extract of syphilitic liver is the most widely used 
“antigen,” we have compared the piopeities of other “antigens” to 
several such extracts which we have used for over two years, and are of 
proven value The method of comparative study consisted, therefore, 
in using from three to ten different extracts with each serum and com- 
paring results As will be pointed out later, all extracts were titrated 
before using and only those included in the study as proved satisfactory 
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The antisheep hemolytic system was used, complement and ambo- 
ceptor being titiated before tests weie set up, and one unit employed 
Theie is such a close quantitative relationship between complement and 
amboceptor that they must be accuiately adjusted to avoid the influence 
of natural antislieep amboceptor in human serums The seiums were 
always inactivated by heating to 55 C for one-half hour and used m 
doses of 0 1 to 0 2 c e Serum, antigen, amboceptor, complement, cor- 
puscle and hemolytic controls were set up each time as is our routine 
practice Serum, antigen and complement are incubated one hour, 
amboceptor and coipuscles added and reincubated for one to two hours 
depending on the rapidity of hemolysis in the controls, and then placed 
over night in the refrigerator at a low temperatuie, readings being made 
the following mornmg 

"antigens” studied 

The following extracts were studied and may be divided as follows 

I Extracts of syphilitic liver 
a Four alcoholic extiacts 
h Two acetone extracts (Kolle and Stiner) 

II Extracts of normal organs 
a Alcoholic extracts 

1 Of normal livei 

2 Of heef heart 

3 Of guinea-pig lieait 
b Acetone extracts 

1 Of normal liver 

c Two extracts of acetone insoluble lipoids (Noguchi) 

III Cholestermized alcoholic extracts 

a Extracts of normal organs (Sacks) 

1 Of beef heait 

2 Of human heart 

3 Of guinea-pig heait 

4 Of normal liver 

5 Of acetone-insoluble lipoids 
h Extracts of syphilitic liver 

1 Alcoholic extracts 

2 Acetone extracts 

All antigens were titrated for antigenic, anticomplementary and 
hemolytic doses The serum of a secondary case of syphilis is used in 
amount of 0 1 c c with ascending doses of antigen, and that dose of 
antigen just giving complete inhibition of hemolysis recorded as the 
antigenic dose In usmg this antigen, at least two or three times this 
antigenic dose is employed because the one unit may be insufiicient with 
other serums The anticomplementaiy dose must be at least eight to ten 
times the antigenic unit befoie the extract is accepted as satisfactory 
This margin of safety we consider advisable, especially with the choles- 
terinized extracts This rule was followed with all "antigens” so as to 
secure unifoim comparison of the various extracts 
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PREPAHATIOlir OF "ANTIGEN” 

1 ±lco1iohc Extracts of SypUhtic Livei — ^TLese weie prepared of the liver 
of syphilitic fetuses in ■which the Tieponeina pallxdum was found Fatty livers 
Aveie a\oided and those of stillhoin fetuses are to he preferred Not infrequently 
a fetus IS secured with many oi all of the usual signs of luetic infection and the 
mother yield a positive Wasseimann reaction and yet one fails to find the 
Ticponema palhdum by daik field illumination Under these circumstances we 
frequently picpaie an antigen but discard it unless it shows a high antigenic 
value and is free of anticomplementaiy and hemolytic effects to a safe degree 
We have also used an imported German alcoholic evtiact of sypliilitic liver, but 
have not as jet found these extracts super loi to a satisfactoiy preparation of oui 
O'vni Those extracts are prepared as follows 

A portion of livci is neighed, minced ground with quaitz sand and treated 
with 10 volumes of ninety six per cent alcohol The mixture is shaken mechanic- 
ally with glass beads for twenty four hours and extracted in the incubator for 
ten days filtered, measured and loss of evaporation made up This alcoholic 
extract is then diluted 1 10 uith saline solution and titiated foi antigenic, 
anticomplemontaiy and heniol-ylic doses If a shaking apparatus is not available 
extraction in the incubatoi should be continued for two iveeks 

2 Icetonc Eriiacts of SyplnhUc Livei — Such extracts have been claimed by 
Kolle and Stiner” to be moie sensitive than alcoholic extracts especially ivitli 
seiuins fiom cases of sjphilitic infection of the nervous system These are pre- 
pared as follous 

Two giaiiis of diied syphilitic livei arc gioiind with sand and treated with 
60 c c of cheniicallv pine acetone, incubated over night, shaken mechanically with 
glass beads foi Uientj-foui houis, placed at room temperature for forty eight 
houis, filteied and titiated 

3 AlcoJioho Ext) act of Noimal Oigans — ^These weie piepaied of the muscular 
poitions of beef heart, guinea -pig heart and of a normal hvei containing but a 
small amount of fat, in exactly the same manner as alcoholic extracts of syphilitic 
liver except that exti action in the incubator is continued two weeks 

// Acetone Extiact of Eormal Livei — -This was prepared in the same manner 
as acetone extract of syphilitic liver 

5 Acetone-Insoluhle Lipoid Extiact (Noguchi) — The preparation of this 
antigen is so well knoivn that it is only for completeness that the technic of 
preparation is heie included 

A mashed paste of muscle of ox-heart is extracted with ten parts of absolute 
alcohol at 37 C foi four days It is then filteied thiough papei and the filtrate 
collected and brought to dryness by evaporation The electric fan is not neces- 
sary for the filtrate will evaporate in tivelve to twenty-four houis if poured into 
large flat dishes The residue is then taken up with a sufficient quantity of 
ether and the turbid ethereal solution is allowed to stand for a few hours in a 
cool place until cleared The clear ethereal portion is then carefully decanted 
into another clean beaker and condensed into a small quantity by evaporating 
a portion of the ether The concentrated ethereal solution is now trea'ted with 10 
volumes of pure acetone A light yellow precipitate forms which is allowed to 
settle and the supernatant fluid decanted off Dissolve each O’ 3 gm of this 
substance in 1 c c of ether and add 9 c c of pure methyl alcohol It is usual 
to find that the greater part of the substance goes into solution This alcoholic 
solution remains unaltered for a long time and is kept as stock, from which 
the emulsion for immediate use may be prepared at any time by mixing 1 c c 
with 9 cc of saline solution This solution is then titrated for antigenic, anti- 
complementary and hemolytic action It may be necessary to prepare several 


13 Nolle, W, and Stiner, 0 Deutsch med Wchnschr, 1911, xxxvii, 1739 
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such extracts hefoie one is found thoroughly satisfactory The ox-heart prepara- 
tions Meie unifoimly moie satisfactory than those of the liver The main draw- 
back of this antigen is the expense of preparation, and many extiacts pro\e 
unsatisfactory For this woik we have used three extracts of pioved value 

6 Cholestet imzed AlcohoVio Extract of Normal Organs — These were prepared 
111 the same manner as the plain alcoholic extiacts vith the addition of 0 4 per 
cent of Kahlbaum’s cholesteiin, or 0 4 gm per each 100 c c of the filtrate, this 
amount having been found by Swift most satisfactory All of this choles 
teiin does not usually go into solution and it may be necessary to refilter after 
vigoious shaking and standing over night The extracts of human and beef heart 
have been better in oui hands than the extracts of guinea-pig heart, insofar that 
the lattei extiact may be too highly anti complementary We have attributed 
this to the piesence of fat and the extraction of undesirable derivatives It is 
advisable, theiefoie, to use only the muscular poitions As will be pointed out 
later, these extiacts possess such high antigenic value that they must frequently 
be highly diluted to appieciate their sensitiveness 

7 Gliolestertmzed Extiact of Acetone Insohihle Lipoids m Methyl Aleohol — 
This was prepared by adding 0 4 pei cent cholesteiin to a suitable extract of 
acetone insoluble lipoids in pure methyl alcohol Since the plain alcohol soluble 
acetone insoluble fraction is composed largely of lecithin, the extiact now becomes 
essentially a mixtuie of lecithin and cholestenn 

8 Gholesterimzed Extract of Syphilitic Inver — Two alcoholic and one acetone 
extracts of syphilitic liver weie prepaied accoiding to the methods alieadj given 
and cholesterinized by adding 0 4 per cent of pure cholesteiin 

COiEPAEISON OF ANTIGEN PROPERTIES 

I Extiacts of Syphihhc Lwei 

(a) Alcoholic Extracts of S;ypliilitic Liver These extracts aie piob- 
ahly moie widely used than any othei and are regarded by many in liighei 
favor than extracts of normal oigans, because of the possibility of then 
containing products of T palhdwn itself On the other hand, there is 
little doubt that precedent has considerable influence and the impressions 
of the original explanation of the leaction is largely responsible for a 
certain hesitancy in depending on other extracts One fact should be 
borne clearly m mind, however that one good extiact of a normal organ 
is better than a number of poor extiacts of syphilitic liver or of hvei 
supposedly syphilitic We have used several good extracts throughout the 
study, and, as before stated, results are lecorded in comparison to these 
Occasionally we have used an imported German extract of syphilitic liver 
for comparison with our extracts, but the results were entirely similar to 
those obtained with our own preparations 

^Tiile in geneial it is a difficult matter to express percentages of 
positive reactions in the later stages of syphilis because of the difficulty 
of obtaining a reliable history or of indefinite symptoms, we have found 
our alcoholic extracts of syphilitic liver to yield 87 2 per cent positive 
reactions m the primary stage, 96 7 per cent in the secondary and about 
90 per cent in the tertiary stages, a large proportion of our tertiary cases 
being infections of the nervous system With cholesterinized extracts 
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the iDeicentage of positne leactions m the tertiaiy and latent stageS;, oi 
aftei vigorous tieatment, is considerably liighei 

(b) Acetone Bxtiacts of Sj'pliilitic Livei Two extracts weie pre- 
paied and used with alcoholic extiacts of syphilitic livei in testing 443 
seiiims and foity-two ceiebiospinal fluids Of this number of tests, 227 
jnelded positive reactions 

1 In 68 7 pel cent of cases the acetone extiacts yielded results equal 
to those obtained vitli the alcoholic extiacts 

2 In 4 4 pel cent the acetone extiacts yielded stionger oi better 
marked leactions 

3 In 18 9 pel cent of eases the leactions with the acetone extiacts 
weie weakei than those with the alcoholic extiacts 

4 In 15 01 6 6 per cent of reactions the acetone extracts yielded 
negaine leactions vitli the folloving eases, whereas the reactions were 
positive vith the alcoholic extiacts The cases weie as follows 

Tmo cases of piimaij s\plnlis 

Two cases of paiesis 

One case of tabes doisahs 

Ihiee coses of hemiplegia with positive histones 

Pne cases of teitiaiy syphilis with gumma foimation 

One case with leg ulceis and positne hist on 

One case of heieditaiy sjphilis 

5 In the following tlnee, oi 1 3 pei cent of cases, the acetone 
extiacts yielded positne leactions, wheieas these weie negative with the 
alcoholic extiacts 

One case of paresis 

Two cases of tcitian s^phllls with positiie histones 

It ivill be noted that acetone extiacts of syphilitic livei haie not been 
found supeiioi to alcoholic extiacts, and in about 25 pei cent of cases 
yielded reactions which w^eie w^eakei than tliose wntb alcoholic extiacts, 
or clearly negatrve In lefeience to pseudo-ieactions wath serums of 
patients with high tempeialure, lead poisoning, etc, the lesults were 
comparable to the alcoholic extiacts in every particular When suitably 
jripsoivecl, ihose antigens have been found quite stable 

II E'lli acts oj N 01 mal Organs 

(a) Alcoholic Extract of Normal Liver One such extract was used, 
although several were made but discarded, because too highly antieom- 
plementary and too low'’ in antigenic value This extract was used in 
testing 140 serums and seven cerebrospinal fluids along with the alcoholic 
extracts of syphilitic li’\ei Of these specimens, fifty-six yielded positive 
1 csults 
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1 In 73 2 pel cent of cases the leactions with this extract of normal 
livei yielded a similar reaction to those with the extracts of syphilitic 
liver 

2 In no instance did this extract yield a stronger reaction 

3 In 23 2 per cent of cases the extract gave weaker reactions 

4 In 3 5 pel cent of cases this extract yielded false negative reactions 

As will be noted, there can be little doubt that the extract of normal 

liver was less eflScient than the extract of syphilitic liver When this 
extract was cholesteiinized its antigenic properties were doubled and in 
results it was equal to, and in some case proved superior to the alcoholic 
extracts of syphilitic liver Wlien compared to results obtained with 
extracts of beef and guinea-pig heart, it will be noted that the livei is 
least suitable for the preparation of extracts of normal organs 

(b) Alcoholic Extracts of Guinea-pig and Beef Heart These extracts 
en^oy considerable favor with many workers and are probably the organs 
best adapted for preparing alcoholic extracts of normal organs, because 
the anticomplementaiy effects are likely to be low and the antigenic 
value sufficiently high as to render them serviceable In our experience, 
extract of human and beef heart are more satisfactory, because pig-heart 
extracts are not infrequently highly anticomplementar}^, a fact which may 
be attributed to the presence of fat and extraction of undesirable deriva- 
tives As will be seen later, when these same extracts are cholesterinized, 
the antigenic value is so highly increased as to render them even more 
delicate than the extracts of sj^philitic liver 

Plain alcoholic extracts of pig and beef heart were used in testing 129 
serums and ten cerebrospinal fluids, along with the usual extracts of 
syphilitic livei Positive reactions were secured with flfty-two of these 
specimens Suitable extracts of pig and beef heart are closely similar in 
antigenic properties 

1 In 71 1 per cent of cases the reactions were equal to those obtained 
with the “antigen’’ of syphilitic livei 

2 In 1 9 per cent of cases the reactions were stronger 

3 In 13 4 per cent the reactions were weaker 

4 In the folloiving three cases these extracts gave positive reactions, 
whereas with the alcoholic extracts of syphilitic liver the results were 
negative 

One case of lead poisoning -with a positive history of lues 

One case of tabes dorsalis 

One case of teitiary syphilis with positive history 

5 In the following four cases these extracts yielded negative reactions 
with positive results with the alcoholic extract of syphilitic liver 
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One case of hemiplegia, histoiy positive 

One case of paresis 

One case of heieditary syphilis 

One case of Jacksonian epilepsy History and autopsy not obtainable 

(c) Acetone Extract of ISTormal Livei One suitable extract was 
used along with, acetone and alcoholic extracts of syphilitic liver in test- 
ing twenty-four serums The results were similar to those of the acetone 
extracts of syphilitic liver (already given), except that in 12 5 per cent 
of cases the reactions were weaker 

(d) Acetone-Insoluble Lipoids (IsToguchi) Three satisfactory 
extracts along with alcoholic extracts of syphilitic liver were used in 
testing 315 serums and foity-five eeiebiospinal fluids, with the following 
results 

1 In 73 0 pel cent of cases the results were equal 

2 In 10 8 pel cent the reactions were stiongei 

3 In 9 7 per cent the leactions weie weaker 

4 In the following five, oi 3 2 per cent of cases, the reactions were 
positive, whereas with the alcoholic extracts of syphilitic liver the results 
were negative 

One case of paresis 

One case of tabes dorsalis 

Three cases of secondary syphilis 

5 In the following three, or 1 8 per cent , of cases the reactions were 
negative, whereas with the alcoholic extracts of syphilitic liver positive 
reactions were secured 

One case of hereditary syphilis 

One case of paresis 

One case of maternal syphilis 

It must be remembered in this connection that all serums were used 
inactivated and with an antisheep hemolytic system Therefore, these 
were not conducted by the method of Noguchi We consider a satis- 
factory extract of acetone-msoluble lipoids as ranking next in efiiciency to 
cholestennized alcoholic extracts among the '^antigens^^ prepared of 
normal tissues 

III Gliolestei imzed AlcolioUc Extracts 

The addition of cholesterm to extracts of normal and syphilitic 
organs increases the antigenic properties of the ^'antigen^^ to a marked 
degree The use of such extracts lenders the Wasseimann reaction even 
more sensitive, so much so that careful investigation is necessary for 
ascertaining the probability of false reactions with normal serums We 
have found this to occur in a certain proportion of cases, and therefore 
these extracts, while marking a distinct advance in this field, must be 
used with care and caution 
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The method of prepaimg these extraets is very simple and has alieady 
been given The addition of 0 4 gm of pure cholesteiin to eaeh 100 c c 
of a filtered alcoholic extiact of an organ, piefeiably human, pig or beef 
heait Fat should he aioided 

In this manner vre have prepaied and studied cholesteiinized alcoholic 
extracts of beef, human and pig heart and human liver An extract of 
acetone-insoluble lipoids was cholesteiinized and compared to a plain 
extiact, also alcoholic and an acetone extiact of syphilitic liver were 
cholestermized and compaied to plain extracts 

(a) Influence of Cholesteiin on Antigen Pioperties of Extracts The 
influence of cholesteiin on the antigenic and anticomplementar}’’ prop- 
erties of the extracts was then studied by titiation, plain extracts being 
tested at the same time and in the same manner 

Method — -The antigenic titration consisted biiefly in diluting tlie extracts 
with normal saline solution and placing increasing doses in a senes of 
SIX test-tubes as follows 0 01 cc, 0 05 cc, 01 cc, 02 cc, 0 25 cc, and 0 3 c e 
One unit of complement and 0 1 cc of inactnated serum from a case of second 
ary syphilis uere added to each tube and tubes incubated for an hour, when lee 
of sheep corpuscles and one unit of amboceptor vere added Tubes are reincu 
bated for one to two hours and then placed in the refrigerator over night Head- 
ings are made and recorded accoiding to the amount of inhibition of hemolysis 
as indicated by the signs, (100 per cent inhibition), (75 per 

cent inhibition), -f-f- (50 per cent inliibition) , -p (25 per cent inhibition), 
± (less than 25 per cent inhibition) , — ( completelj’^ hemolyzed) That dose 
of antigen giving complete or 100 per cent inhibition of hemolysis is recorded 
as the antigenic unit In conducting Wassermaim reactions at least two or 
three times this dose is used, piovided that this amount is no more than one- 
fourth the anticomplementary dose One may also estimate the antigenic value 
by determining the numbei of units of complement “fixed ” The anticomple 
mentary titration is conducted in a similar mannei by adding 01 cc, 02 cc, 
04 cc, 08 cc, 10 cc, and 2 0 c c of the diluted “antigen” to a series of 
tubes, adding a unit of complement and sufficient salt solution We prefer to 
incubate these tubes one hour along with the antigenic titration so that the 
complement is subject to the same detenoiation in the incubator At the end 
of an hour a unit of amboceptor and corpuscles are added and tubes returned 
to the incubator foi one to two hours, after which readings may be made at 
once, or after tubes have been placed in the refrigerator over night That dose 
of “antigen” just beginning to inhibit hemolysis is recorded as the anticomple- 
mentary dose As IS customary, serum, complement amboceptoi and corpuscle 
controls are set up 

In Table 1 ai e gi^ en some of the results of such titrations of clioles- 
terinized and plain extiacts made fiom time to time foi compaiison 

The addition of 0 4 per cent of cholesterin, tlierefoie, incieases the 
antigenic value of an extiact at least two to four-fold and does not usually 
alter the anticomplementary dose It will also be noted that 0 4 pei cent 
cholesterin in absolute alcohol, the same proportions as aie used in choles- 
terinizing the extracts, has an antigenic value which may be estimated at 
about three to six times weaker than cholestermized tissue extracts We 
have not found cholestermized extracts more stable than plain extracts. 
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and they must tlierefoie be guarded by Sequent titrations and controls 
against anticom 2 ilementary action 

(b) Cholesteiinized Extiacts and bfornial Serums After using sev- 
eral cliolesteiinized^ along witb a number of plain extiacts in conducting 
Wassermann leactions, we soon found that with a numbei of serums 
inhibition of liemolysis occiined only with cholesterinized extiacts In 
the laigei numbei of these instances theie was either a history of lues 
01 the clinical condition was such as stiongly to indicate this infection 
But in other serums wheie these extiacts gave a small amount of inhibi- 

TABLE 1 — Axtigexic akd Akticomplumentary Values of Plain and 

CnoLESxnniNizED Extracts 



Plain 

Extiacts 

Same Extracts 
Cholesterinized 

E\tiaets 

Antigenic 
Unit, c c 

Anticomple 
mentary 
Unit, c c 

Antigenic 
Unit, c c 

Anticomple- 
mentary 
Unit, c c 

Alcoholic, of sipluliUc In 01 , ^ 
diluted 1 10, No 1 

0 1 

j 

1 0 

0 05 

10 

Alcoholic, of sjphilitic Inei 
diluted 1 10, No 2 

02 

20 i 

! 

0 1 

1 5 

Acetone, of syphilitic Inei, 
diluted 1 10 

02 

08 

0 1 

08 

Alcoholic, of 1101 mal Inci, I 
diluted 1 10 

02 

20 

0 1 

20 

Acetone* insoluble lipoids, ' 
diluted 1 20 

02 

' 10 

0 15 

* 1 0 

Alcoholic, beef heail, diluted 

1 10 

0 1 

j 2 0 

I 0 05 

20 

Alcoholic, human heait, diluted 

1 2'5 

01 

2 5 

0 05 

25 

Alcoholic, pig heait, diluted 

1 10 

0 1 

25 

0 025 

25 

0 4 per cent cholestei in in 
absolute alcohol diluted 

1 10 

! 


0 3 

1 0 


tion the histoiy and clinical condition indicated with a fan degree of 
accuracy the absence of lues Since, howevei, it is a veiy difficult mattei 
definitely to exclude syphilis in the average hospital case we have tested 
our own blood and the blood of others, mostly physicians, in whom the 
possibility of syphilitic infection is definitely luled out Twenty such 
serums were tested as follows The cholesterinized extracts were used in 
double the antigenic dose, the serums were inactivated and used in 
amounts of01cc,03cc,03cc and 0 4 c c The balance of the 
method was exactly the same as in our loutine Wassermann reaction, one 
titrated unit of amboceptor being used The results weie best marked 
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With the 0 1 and 0 3 c c of serum because the larger doses introduced 
sufficient natural antisheep amboceptor to cause undue hemolysis The 
results of the experiment, therefore, are those found with the 0 3 c c dose 
of serums (Table 3) 

It will be noted that the cholestermized extiact of beef heart gave 
twenty-five or less pei cent inhibition of hemolysis with half of the 
serums tested, and this extiact was certainly not anticomplementary in 
the dose employed The remaining extracts yielded pseudo-reactions of 
about 10 per cent inhibition of hemolysis with 5 to 10 per cent noimal 
serums The sensitiveness of these extiacts is also noted in the higher 
proportion of positive reaction with normal lahbit serum When using 
these extracts in amounts of half the anticomplementary dose the per- 


TABLE 2 — Cholesterinized Extracts with Normal Serums 


Extracts 

Dose 
Used, 
c c 

B 

2 

3 

fl 

5 

6 

B 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Cholest beef heart (1 10) 

u 

4“ 


-}- 




■ 

ih 




lii 


dz 

dz 



. . 

Cholest human heart (1 25) 


-f- 

— 

— 

— 

— 

— 


— 


— 

— 

— 

— 

— 

— 

— 

Cholest pig heart (1 10) 

BO 

— f- 

— 

— 

— 

— 

— 

— 



— 


— 

— 

s 

— 

— 

— 

— 

Cholest normal liver (1 10) 


— 



— 

— 

— 

— 

— 



— 


— 

— 


— 

— 

— 

— 

Cholest alcoholic extract syphi- 
litic liver (1 10) 


zh 











_ 

_ 

_ 

1 



. 

. - 

Cholest acetone extract syphi- 
litic liver (1 10) 


dz 











_ 


± 




. 

Cholest acetone insol lipoids 
(1 10) 


■ 







_ 



_ 

_ 




. 

+ 



Plain alcoholic extract syphi- 
litic liver (control) 


1 













_ 

_ 

_ 

__ 


Serum control 


1 



— 











' 





-j- = 25 per cent inhibition dt = less tlnn 25 per cent inhibition 

— = complete hemolysis 


centage of pseudo-reactions is increased As will be shown later, not a 
few eases of tertiary lues or cases actively treated with salvarsan and 
mercury, the quantity of syphilis “^reagin” in the serum being small, 
jnelded negative reactions with plain extracts and only 35 per cent 
inhibition of hemolysis with the cholestermized extracts, rendering it 
difficult to express an opinion in cases moie worthy of delicate reactions 
than those in which the clinical diagnosis is quite evident We have noted 
that the syphilis ^heagin” apparently varies in different serums m affinity 
for lipoids in various extracts I’or this reason, and especially if employ- 
ing cholestermized extracts, it is preferable to use from three to fiie 
different extracts with each serum, the total reactions indicating more 
conclusively the result than one ‘'antigen’^ alone 


14 Kolmei, J A, and Casselman, A J Jour Med Research, July, 1913 
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(c) Cbolesteimized Extiacts m tlie Serum Diagnosis of Syphilis 
The cholesterinized extracts already mentioned of normal organs and 
syphilitic livei were used in examining 287 seiums and nine cerebro- 
spinal fluids, plain alcoholic and acetone extracts and acetone-insoluble 
lipoids being used at the same time foi comparison Of this number of 
specimens 139 3 T.elded positive reactions 

The results with a cbolesteimized alcoholic extiact of beef heart, 
compared to alcoholic extracts of syphilitic liver, aie as follows 

1 In 63, or 45 3 pel cent of cases, the leactions were equal to those 
obtained with the plain alcoholic extiact of sjqihilitic liver 

2 In 41, or 29 4 pei cent of cases, the reactions with the cholester- 
inized extract weie stronger 

3 In 2, 01 1 4 per cent of cases, the reactions with the cholesterinized 
extract weie weaker Both cases weie diagnosed paresis 

4 In no mstance occuiied a negative reaction with the cholestei- 
inized extiact, with a positive lesult with the contiol “antigens” 

5 In 32, or 23 0 per cent of cases, the cholesterinized extiact yielded 
a positive result, whereas with the alcoholic extract of syphilitic liver the 
reactions weie negative These results are woithy of fuither analysis, 
especially in view of the fact that we found this extract to give slight 
inhibition of hemol 3 '’sis with normal seiums 

(a) Of these thirty-two cases, fifteen yielded a weak reaction with 
the cholesterinized extract, showing about 25 pel cent inliibition of 
hemolysis (-{-) as follows 

Two cases of paresis Positive liistoiy m one case 
One case of tabes dorsalis 

One case of tulierculous enteritis History not obtainable 
One case of optic neiiiitis 
One case of secondary sjpliilis 

Two cases of spastic hemiplegia Histoiy not obtainable 
One case of latent lues Positive history 

One case of lues of three yeais’ duration, thorough treatment with salvarsan 
and meicury 

One case of lecurrent herpes of mouth (patient of Di J F Schamberg), of 
one year’s duration, resistive to ordinary therapeutic measures Since Hutchin- 
son has directed attention to the fact that these cases are frequently leutic. Dr 
Schamberg is administering antiluetic treatment 
One case of hereditaiy lues 

Three cases of psoriasis History of infection denied 
One case of recurrent abortion History of infection denied 

(b) Six cases 3 uelded slightly stronger reactions, about 50 per cent 
inhibition (-f- +), as follows i 

One case of tabes dorsalis Positive history 

One case of incipient tabes Positive history 

One case of hemiplegia Positive history 

Two cases of spastic hemiplegia History not obtainable 

One case of hereditary lues 
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(c) Two cases yielded strongly positive reactions (+ + +), about 
75 per cent inhibition, as follows 

One case of hemiplegia Histoiy not obtainable 

One case diagnosed tuberculosis of lungs Positive histoiy 

(d) Eight cases yielded absolute positive reactions (+ -1- + -f ) 01 
100 per cent inhibition of heniotysis These reactions are most striking 
and cleaily illustiate the tendency of cholesterinized extracts to give 
strong inhibition of hemolysis in the presence of but small amounts of 
SA^ihilis 'Teagin 

One case of secondary sjpbilis Hjstorj^ positne 

One case of tertiary sjplulis Historj' positive 

One case of hereditary syphilis 

One case of pai esis History not obtainable 

One case of tertiary syphilis (ulcerating gummata) 

Tuo cases of hemiplegia with positive histones 

One case of cirrhosis of the li\er Patient of Di Gwyn’s History negative 
Autopsy as reported by Dr Gvwu showed no evidences of lues 

These results would indicate that any seium showing 50 per cent or 
more inhibition of hemolysis may be regarded as luetic In a number of 
cases thorough treatment vith salvaisan and injections of a mercurial 
preparation has resulted in a strongly positive seium being converted into 
an absolutely negative one as tested with all antigens, including the 
cholesteiinizecl extracts The troublesome cases are those showing 25 
per cent or less inhibition of hemoly‘«is with cholesterinized extracts and 
with complete hemolysis with plain extiacts In such instances, if there 
IS a histoiy of infection, we report the reaction as positive If there 
occurs a similar slight inhibition with the plain extracts the case i^: 
almost certamly luetic The most sti iking results, however, are those 
showing absolute inhibition of hemolysis with the eholesteiinized, and 
complete hemolysis with the plain extracts The results would indicate 
that the majority of these cases are to be regarded as luetic although it 
IS necessary to continue the study into a larger group of cases, conti oiled 
bj’’ careful histories and autopsies 

Our cholestermized alcoholic extracts of human and pig heart proved 
less sensitive than the extract of beef heart , i e , they yielded but 5 per 
cent pseudo-ieaetions with normal serums (one out of twenty serums 
tested) and did not yield quite as many positive reactions with the 
serums tested 

1 In 5S 9 per cent of cases the reactions were equal to those obtained 
with alcoholic extract of syphilitic liver 

2 > In 39 3 per cent of cases the reactions were stronger 

3 In no case were the reactions weaker 

4 In three cases serums jaelded positive reactions with the cholester- 
inized extracts and were negative with the control extracts 
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One case ( + ) specific optic neuritis 

One case (H — [-) teitiary lues 

One case (+-1 — }-4-) tertiary lues Histoiy positive 

IFroin the fact that we have found these extracts to he less likely to 
yield pseudo-ieactions we rely more on them than the cholestermized beef 
heart extract 

(e) Influence of Cholesteiin on the Antigenic Pioperties of Extract 
of S-^philitic Livei It may be stated m general that the addition of 
cholesteiin to alcoholic and acetone extiacts of sj'philitic liver increases 
the antigenic lalue so that results with these ^^antigens" aie similar to 
those obtained with the cholestermized extracts of heart oi normal liver 
The addition of cholesteiin does not seem to lender these extiacts any 
more speciflc than the cholestermized extracts of normal organs, and 
they are just as likely to give minor degrees of inhibition of hemolysis 
with a small percentage of normal serums The addition of cholesterm 
to a solution of acetone insoluble lipoids m methyl alcohol results 
essentially m a mixture of lecithin and cholesteiin and the sensitivity is 
mci eased, but the dilieience m sensitiveness is not quite so maiked as 
belli een the plain and cholestermized alcoholic extracts 

SUilMAJtT 

1 The sypliilis reaction is probably due to the inactivation of com- 
plement by means of a reactionary product, ^‘leagm,” oi the so-called 
sj-philis antibod}’’, m the presence of a suitable lipoid, the phenomenon 
bemg knovn as complement dei ration oi fixation 

2 "\Yliile this lipodophilic ‘Teagm’ is not entiiely a specific product 
of the Tieponema pallidum, similai ^Teagms ’ bemg present m the serums 
of pel sons infected with }aws and lepiosy, it is possible that the question 
of specificity may be settled by fuithei chemical and biological studies 
of the lipoids, especially of tissues infected with Ti cponema pallidum 
Thus extracts of ‘syphilitic liver posse'^s a higher antigenic value than 
extiacts of normal livei It is true that "antigens” of normal liver will 
gne a positne reaction m most eases of active sjqihilis, but the degree 
of reaction m these same cases and especially with latent or activeh 
treated cases, will be less than with alcoholic extiacts of syphilitic liver 
The difference is probably due to a difference in the lipoid content of the 
extracts, and it is possible that the Treponema pallidum may alter the 
lipoids of the liver to this extent Plam alcoholic extracts of human, pig 
01 beef heart possess higher antigenic value than similar extracts of 
normal liver, due probably to the extraction of more cholesterm The 
addition of cholesterm to any or ail of these extracts increases their 
antigenic properties With acetone-insoluble lipoid "antigen” this differ- 
ence IS not so maiked, due m part to the fact that such an extract is 
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composed largely of lecithm, winch m itself possesses a high antigenic 
value 

3 Table 3 expresses the relative values of the various extiacts in the 
practical serum diagnosis of syphilis, taking a suitable alcoholic extract 
of syphilitic liver as a standard for comparison It must be observed, 
however, that the cholesterinized extiacts are more sensitive than the 
plain alcoholic extracts of syphilitic liver 

TABLE 3 — CosiPARATiVE Antigenic Pbopeuties of Various Extracts 


Antigenic Properties Compaied to Alcoholic 
Extracts of Syphilitic Liver 


Extracts 

Equal 

Stronger 

Weaker 

1 

Ncg (pos 
with Ale 
Ext Syph 
Liver ) 

Pos (Keg 
with Ale 
Ext Syph 
Liver) 

Cholesterinized alcoholic 
extract of human and 
pig heart 

! 

52 9 

29 3 

0 

0 

17 0 

Cholesterinized alcoholic 
extract of beef heart 

45 3 

29 4 

14 

0 

23 0 

Acetone-insoluble lipoids 

73 0 

108 

07 

32 

1 8 

Alcoholic extract pig and 
beef heart 

71 1 

19 

13 4 

! 

57 

76 

Acetone extract syphilitic 
liver 

68 7 * 

44 

18 9 

66 

1 3 

Alcoholic extract normal 
liver 

73 2 

0 

23 5 

3 5 

0 


In the order of efficiency in the practical serum diagnosis of syphilis 
we would arrange the various extracts as follows 

1 Cholesterinized alcoholic extiacts of human, pig and beef heart, 
named in the order of efficiency and safety It should be remembered 
that these extracts may jueld slight degrees of inhibition of hemolysis 
with noimal serums and must therefore be carefully controlled Choles- 
terinized alcoholic extracts of syphilitic liver have the advantages of 
cholesteiin and any additional product of the Tieponema pallidum which 
may be present 

3 Plam alcoholic extracts of known syphilitic liver 

3 Acetone-msoluble lipoids (Hoguchi) 

4 Plain alcoholic extracts of human, pig and beef heait 

5 Acetone extract of syphilitic liver 

6 Plam alcoholic extract of normal liver 

Best results are secured in the practical serum diagnosis of syphilis 
by usmg several "antigens” with each serum, including plam and 
cholesterinized extracts This increases the amount of work and the 
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quantities of the various components of the reaction, hut results warrant 
the former and the latter is readily overcome by using ^ust half the 
quantities of Wassermann’s original technic Thus 0 1 c c of serum may 
be used with each ^^antigen” instead of the usual 0 3 c c , the quantities 
of complement, amboceptor and corpuscle suspension being equally 
divided In this manner 1 0 c c of serum (3 to 3 c c blood) will be 
sufficient for conducting the Wassermann and Noguchi reactions with at 
least two to four ^^antigens,^^ includmg the usual serum controls 

We "Wish to express our thanks to Dr Jay F Scbamberg, and also to Dr W 
Hickson of the Vineland Training School, for many serums and careful histones 
of patients 

Just before sending the manuscript to the publishers we noted the paper of 
Walker and Swift, Jour Exper Med , 1913, xviii, 75, in which they conclude 
that cholesterinized extracts fulfill the requirements of a standard antigen 


STUDIES OU THE CIECULATIOU lU MAU 


IX IHi: BLOOD-FLOW IN THE HANDS (aND FEET) IN CASFS IN WHICH 
OBVIOUS ANATOillCAL DIFFEBENCES EXIST " 

G X SIEWART, MD 

CLI:\'ELA^D, O 

In tins papei and succeeding ones I propose to continue the deseiiption 
and discussion of the results obtained in clinical cases already begiin^ in 
papei s VI and VIII 

GENERAL REHARKS 

A poition of the matenal studied consisted of patients in the Dis- 
pensary of Western Eeseive Univeisity and Lakeside Hospital, refeired 
to in the protocols simply as the Dispensaiy Tlie major poition of the 
material was fiom the uaids of the City and othei hospitals A few 
cases weie placed at my disposal fiom the private practice of friends 
This IS pointed out because compaiable lesults aie much more easily 
obtained in successne obsei rations on hospital patients whose sui- 
roundiugs aie faiily constant than on dispensaiy oi private patients 
At any late, in older to obtain comparable lesults fewei piecautions 
are necec^aiy in the case of the hospital patients In particular, 
the influence of the external tempeiatuie, the factor which of all 
others among the external condition^? is most apt to influence the results, 
IS much more easily conti oiled in the case of the hospital patients, 
especially in wintei The observations on the lattei weie made in a 
room in the hospital to which the patients were bi ought in the wheel 
chan, 01 the movable bed, or to which, if well enough, they walked 
As IS tiue for many kinds of physiological clmical examination, the 
obsen ations are more satisfactorily made in a separate room than in the 
open waids Vflieie the external conditions are controlled and the 
clinical state of the patient has not altered noticeably, the lesults of the 
blood-flow measurements from day to day, or indeed from week to week 
show a veiy fair and often a surprising degree of constancy Hot only 
IS the hospital patient in an enviionment whose temperature varies com- 
paratively little, but his diet is also controlled and the general regimen 
undei which he lives is i datively stable In many of the hospital eases 
the appioximate constancy of the flow was not only seen in the case of 

From the H K Cushing Laboratory of Experimental IMedicine, Western 
Reseive Unnei=ity 

Submitted foi publication July 18, 1913 

1 Stewait, G X Jour Exper ]\Ied , 1913, xiiii, Xos 2 and 4 
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one and tlie same hand, but also m the proportion hetiveen the flows in 
the two hands where a conspicuous difference existed between the two 
As regards the dispensaiy material, care had to be taken in winter that 
the person i;\as long enough in the loom before the observations were 
begun, especially if he came to the dispensary with bare hands It is 
true that if the observations were immediately begun a result would be 
obtamed which would be correct enough for the given condition of the 
hands but it would be useless as an expiession of the flow under the 
approximately standard conditions which have to be established if com- 
parison of the flow in the same patient at different times or in diffeient 
patients is pioposed In sunimei the factor of external temperature 
presents no greater ditflcultj'- m dealing with dispensary than with 
hospital patients 

In addition to the clinical mterest vhich attaches to the measure- 
ments in the indn idual cases dealt with in this paper, the material was 
chosen partly as a test of the technic of the method, as in many of the 
cases the qualitatne difference between the two hands could be foreseen 
from the anatomical difference which existed 

In Steve S , a man 21 years old, with healing bums on both hands, 
but more extensive on the right, the flow was 7 04 grams per 100 c c per 
mmute for the right hand and 5 44 giams for the left hand (for the last 
nine minutes in the calorimeters), with an average room temperature 
of 25 The burned areas on both hands were quite red, and taking the 
whole surface of the hands into account the vascularity of the superficial 
layers must have been considerably greater in the right than in the left 
hand In both hands many blood-vessels in the new tissue must be nearer 
the surface than m the noimal hand, a point of mterest in connection 
with the technic of the method ^ In spite of the red color, both hands 
feel rather cold to the touch, and this agrees perfectly with the tardiness^ 
with which the thermometers rose at first and with the calculated blood- 
flow, which for the man’s age and the room temperature, is subnormal 
The redness is due to the number of capillaries in the healing areas and 
the fact that thei^ lie just under the surface, not to a great flow of blood 
through widely dilated vessels The case presented the opportunity of 


2 Heart, 1911, m, 55 

3 This tardiness is expressed in the calculated flow for the first eight minutes 
of immersion in the calorimeters, which is only 3 74 grams per 100 c e per min- 
ute for the right, and 2 49 grams for the left hand The fact that the ratio of 
the flow in the left hand to that in the right is 1 1 50 for the fiist eight minutes, 
while it is 1 1 29 for the last nine minutes, in the calorimeters, indicates clearly 
that the increase in flow in the last period was not due to a central cause (increase 
in the driving power of the heart) which would have afi'ected the two hands 
equally, but to a peripheral cause (removal of vasoconstriction which happened 
to be proportionately greater in the left hand at the beginning of the immersion 
in the calorimeters than later on) 
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studying the flow in blood-vessels which have not long existed and whose 
vasomotoi connections may be still incomplete or immature Immersion 
of the left hand in waim water caused a good increase, and subsequent 
immersion of the left hand in cold watei a marked decrease m the flow 
in the right hand The peisistence of both reflexes was remarkable 
Another peculiarity not ohseived in any other case was that the tem- 
peiature of the right hand calorimetei during the immersion of the left 
hand in the warm oi cold watei, showed abrupt changes, for instance. 


TABLE 1 — Calorijieter Test or Steve S 


Time 


1 

Room 

Temp 

C 

Time 

Eight 

Notes 

3 331/2 

29 92 

29 84 


3 55 



3 37 

29 90 

29 88 ’ 


3 56 1 

■‘ITIM 

Room 24 8 C 

3 38 

29 91 

29 90 1 

25 3 

3 57 

30 495 


3 39 

29 92 

29 905 


3 58 

30 505 


3 40 

29 93 

29 915 


3 59 

30 53 


3 41 1 

29 95 1 

29 925 


4 00 

30 64 


3 42 

29 97 

29 925 


4 01 

30 64 


3 43 

29 99 

29 93 

25 0 

4 02 

30 67 


3 44 

30 01 

29 935 


4 03 1 

30 75 


3 45 

30 015 

29 945 


4 04 ! 

30 82 

Room 24 9 C 

3 46 

30 05 

29 97 


4 05 

30 80 


3 47 

30 10 

29 99 


4 06 

30 88 

At 4 06 left hand put in 




j 



water at 10 C 

3 48 ' 

30 11 

30 025 


4 07 

30 87 


3 49 

30 16 

30 05 


4 08 

30 88 

Room 24 8 C 

3 50 

30 20 1 

30 07 1 

24 6 1 

4 09 

30 89 


3 51 

30 215 

30 12 


4 10 

30 99 


3 52 

30 28 j 

30 14 


4 11 

30 98 


3 53 

30 295 

30 15 


4 12 

30 97 


3 54 

30 305 

30 18 


4 13 

30 98 






4 14 

30 995 

Hand out of cal at 4 14 





4 27 

30 88 

At 4 27 L IS at 29 94 C 







Room 24 2 C 


Cooling of calorimetera, E , 0 115 degrees m thirteen minutes, L , 0 24 degrees 
in thirty-three minutes Volume of right hand in calorimeter, 328 c c , left, 
340 ec The hands, especially the right, could not be made to hang veitically 
in the calorimeters owing to adhesions The volumes given represent the por- 
tions of the hands actually inside the calorimeters Water equivalent of calor- 
imeters with contents, K , 3,357 , L , 3,367 Kectal temperature, 37 3 C 


a sudden rise of the thermometer between the third and fourth mmutes 
of immersion of the left hand m the cold water — not succeeded by any 
^•QTther rise The patient denieo. that Ins hand ever touched the ther- 
mometer, and from the position of the thermometer in the calorimeter 
contact of the hand with it can scarcely occur, unless the hand is execut- 
ing extensive gi oping movements, of which there was no sign in these 
observations The most plausible explanation of the phenomenon would 





G N STEWART 


681 


seem to be that in the new blood-vessels, although the vasomotor connee 
tions had been established, theie is still an abnormal vasomotor insta- 
bility The intensity of the total reaction may be due either to hyper- 
excitability of the leceptive surfaces of the left hand (afferent path) or 
to hypei excitability of the newly-formed vasomotor endings including the 
muscle of the new blood-vessels (efferent path) or to both The warm 
water was puiposely made 3 degrees lower, and the cold water 2 degiees 
higher than usual, lest pain should be caused But he did not feel 
any pain 

Steve S , aged 21, a sailor, was burned Novembei 4, 1911, by the bursting of 
a steam pipe on a steamer He was unconscious for a fortnight The face, 
including the ears, the neck, the back, the knees and both hands and arms were 
burned The sight of the light eye was destroyed He was admitted to the City 
Hospital Heb 19, 1912 Both foreaims and a small portion of the upper arms 
above the elbow uere denuded of skin and covered with jelly-like exudation and 
gianulations Bhyaical examination of the heart and lungs was negative 

The blood-flow in the hands was measured April 5, 1912, at which time heal- 
ing was pietty well completed, although there was still some suppuration on 
the right forearm, a little above the wrist The burn on the right lictud involved 
the palms as well as the back of the hand and there are consideiable adhesions 
between the fingers, rendering the hand piactically useless The left palm 
escaped in great measure, but the back of the hand was burned The burned 
areas on the hands weie still quite led Hands in bath at 3 24 p m , in calor- 
imeteis at 3 34%, 3,015 c e of water in each calorimeter'* At 3 54 p m left 
hand put into watei at 40 C Pulse 80 

In Frank P , a man 4:2 yeais old, suffering from a malignant tumor of 
the light forearm, with some edema of the forearm down to the wiist, 
the flow in the light hand was 4. 69 grams per 100 c c of hand pei minute, 
in the left hand 5 31 grams, with an average room temperature of 23 3 C 
The deficiency in the right hand was an actual deficiency and not merely 
an apparent one (owing to the reckoning in of edema liquid in the volume 
of the hand), since by measuiement the right hand was only 3 c c larger 
than the left It is therefore piobable that the deficiency is due to the 
interference of the tumor with the venous return from the hand Insofar 
as it IS not connected with inflammatory changes, the edema is also 
probably caused by inteiference with the venous flow In certain cases 
the blood-flow measuiement might help to settle the question wheiher 
edema is due to obstruction on the lymph path or on the venous path 
Obstruction confined to the lymphatics might cause edema without 
diminution in the blood-flow Where a tumoi is confined to the bone, 
obstruction to the flow of blood m the hand may be expected to be less 
marked than where it has extensively invaded the soft tissues 

Prank P , a carpenter, aged 42, was admitted to the City Hospital July 18, 
1912, with a tumor mass about 10 cm in diameter on the outer surface of the 
right forearm The mass was slightly fluctuant tender on pressure and attached 

4 In all obseivations on the hands unless otheiwise stated, this was the 
quantity of water in each caloiiineter 
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to the hone There was some edema m the light forearm and wxist There was 
another tumor mass over the upper third of the left tibia about 15 cm m 
diameter It had been incised foi drainage and a muco puiulent fluid was being 
dischaiged Theie iias a small mass and tenderness over the upper third of 
the light fibula Xiav evamination showed a large lounded mass on the right 
foreaim going deep into the tissues, as much of it below the surface as above 
tlie suiface The si\ellings on the left leg and uppei forearm were noticed about 
the same time, three months hefoie admission Thej have gradually increased 
in size and of late have been very painful Physical examination of the lieait 
was negative Tlioiax emphysematous and expiration piolonged Percussion 
note raised in pitch and shortened on the left side, especially at the left base 
Respiiatoiy sounds diminished on the left side, where numerous rhonclu were 
present Tactile fremitus diminished on the left side The diagnosis was multi- 
ple sarcoma The patient refused operation and left the hospital The exami- 
nation of the blood floM vas made Aug 1, 1912 iTands in hath at 2 22 p m, 
in calorimeters at 2 33 and out of ealoiimeters at 2 52 Pulse (sitting) 96 
The day ivas exceptionally cool for the season 

TABLE 2 — CALoniMETER Pindings in Case or Frank P 


Time 

Right 

Left 

Room 

Temp 

C 

Time 

Right 

Left 

Room 
Temp , 
C 

2 32 

30 16 

30 14 


2 44 

30 48 

■PM 

23 4 

2 34 

30 18 

30 15 

22 9 

2 45 

30 505 



2 35 

30 205 

30 175 


2 46 

30 53 

30 58 

23 2 

2 36 

30 23 

30 20 

23 1 

2 47 

30 57 

30 62 


2 37 

30 26 

30 21 


2 48 

30 595 

30 665 


2 38 

30 27 

30 26 

23 1 

2 49 

30 61 

30 69 


2 39 

30 315 

30 29 


2 50 

30 64 

30 72 

23 0 

2 40 

30 35 

30 33 

23 1 

2 51 

30 67 

30 75 


2 41 

30 39 

30 37 


2 52 

30 695 

30 765 

22 95 

2 42 

30 41 

30 43 


3 09 

30 485 

30 565 


2 43 

30 44 

30-46 

1 






Cooling of calorimeteis in seventeen minutes, Pi 0 21 degiees L, 0 20 
degrees Volume of right hand, 476 c c , the same foi a second measurement 
Volume of left hand 473 cc To the eje the right hand appeared somewhat 
swollen, hut this seemed to be an error of judgment, caused by the distinct 
swelling of the right forearm below the level of the tumoi down to and involv- 
ing the right wrist The swelling did not descend below the wrist Water equiva- 
lent of calorimeters with contents, R, 3 476, L, 3,473 Blood-pi essure, left arm, 
^stolic 115 (palpation), 114 (stethoscope), 80 (sound gone) Pulse (sitting) 
114 Rectal temperature, 37 95 C 


A coBdition in which edema coincided inth obstruction to the lymph- 
flow not involving the venous flow seems to have been realized in the case 
of Charles B, a man 47 yeais old, in whom the diagnosis of Hodgkin’s 
disease was made He entered the hospital with both legs and feet 
greatly sivollen The swelling was stationaiy and little if at all diminished 
in the morning During his entiie stay in the hospital (over five weeks) 
the swelling of the legs remained unchanged There was no edema else- 
where All accessible lymph -nodes were enlarged The blood-flow m the 
light foot was 2 34 grams per 100 c c of foot per minute, or, allowing for 
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the edema fluid, 3 04 giams, and in the left foot, 2 50 giams (allowing 
for the edema fluid, 3 24 . giams) with aveiage loom temperatuie 22 5 C. 
These flows are by no means small for the feet Indeed, in comparison 
with the hand flows (3 82 grams for the right and 3 22 grams for the 
left hand) they are large A certain degree of anemia, some cyanosis 
and dyspnea weie present, and this may contribute to the small hand 
flow ° It maj'’ be supposed that this would tell equally on the blood-flow 
through the feet, but m the absence of special observations on this point, 
we cannot be certain whether the compensatory vasoconstriction in 
anemia is not greatei in the anteiior limb than in the posterior limb 
It IS conceivable that the ciiculation in the anterior limb has a closer 
association with the pulmonaiy circuit than the circulation in the pos- 
teiior limb That the hands were exceptionally liable to vasoconstric- 
tion was shown by observations on Hov 27, 1912, which gave a still 
smaller flow It is rare to find a case in which the flow per 100 c c of 
foot per minute comes out as great as the flow per 100 c c of hand per 
minute in the same individual In the vast ma 30 iity of clinical cases 
the hand flow greatly preponderates, and this is the invaiiable rule foi 
normal persons so far as our experience goes ° 

Interference with the local circulation would seem to be excluded 
in this case as a cause of the edema of the legs It is more likely, indeed, 
if we take account of the hand flows, that theie is a local acceleiation 
of the blood flow in the legs, perhaps through partial paialysis of their 
vasoconstrictors by the piessure of the same masses, if it is an afiair of 
mechanical piessure, as aie lesponsible for the edema If we confine our- 
self to the question, leaving out all othei possibilities, whether the edema 
IS dependent on venous or on lymphatic obstruction, the blood flow meas- 
urements give an answei in favor of lymphatic obstruction, to this 
extent supporting the diagnosis of Hodgkin’s disease 

Charles B , lumberman, 47 years old, height 5 feet, 6 inches, was admitted 
to City Hospital November 8, 1912 The glands were generally enlarged, one 
of the inguinal glands on the left side being as big as a walnut Both legs 
were edematous and covered with varices The varicose veins, however, were of 
a good many years’ standing, and had not increased during the present illness, 
which began two months before admission with pain in the back and shortness 
of breath About two weeks before admission the pain recurred and he almost 
fainted with the pain in the back The feet began to swell two days before 
admission, the left leg began to swell two days later than the right No edema 
elsewhere than in the legs He had always lived in Cleveland oi the neighbor- 
hood Has never had piles The pain in the back was a cutting pain on both 
sides There had never been gravel in the urine The skin and mucous mem- 
branes showed slight anemia, slight cyanosis, no icterus Thorax barrel-shaped, 
moves slightly more on the right side The costal angle is obtuse, the breath- 
ing mainly abdominal Furthei examination of thorax and the heart, also of 


5 Stewart Paper VI, Jour Exper Med , 1913, xviii. No 2 

6 Stewart, C N Paper VII, Jour Exper Med , 1913, xviii No 4 
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tne abdomen and lectum, negative X-ray examination of abdomen negative 
Some sclerosis of the radial artery The reflexes were active The urine con- 
tained albumin with a few granular casts on November 9, a trace only of albumin 
on November 18 On November 14 the leukocyte count was 14,000 (polymorphonu- 
clear neutiophils 70 per cent, eosinophils 4 5 per cent, large mononuclears 5 5 
per cent, small mononucleais 15 pei cent, tiansitionals 2 5 per cent) 


TABLE 3 — Calobimeter Findings in Charles B (Feei) 





Room 




Room 

Time 

Right 

Left 

Temp , 

Time 

Right 

Left 

Temp , 




C 



C 

2 30 

31 24 

31 28 


2 47 

3138 

31465 


2 33 

31 16 

31 23 


2 40 

31 40 

31485 

22 7 

2 35 

31 19 

31 27 


2 51 

31 43 

31 53 

22 9 

2 37 

31 22 

31 30 

21 5 

2 53 

31 465 

31 565 

22 5 

2 39 

31 25 

31 325 

21 9 

2 55 

31 49 

31 58 


2 41 

31 29 

31 365 

22 1 

2 57 

31 42 

31 55 


2 43 

31 32 

31 395 

22 2 

3 14 

31 04 

31 16 


2 45 

31335 

31 44 

22 4 






Cooling of calorimeters in seventeen minutes, R , 0 38 degrees, L, 0 39 degrees 
Volume of right foot 1,313 c c , of left foot 1,313 c c His feet were naturally 
not large, requiring a No 7 shoe Water equivalent of each calorimeter with 
contents, 3,094 

Hands in bath at 3 17 p m in caloiimeteis at 3 26^ and out of calorimeters 
at 3 45 


TABLE 4 — Calorimeter Findings in Charles B (Hands) 


Time 

Right 

Left 

Room 
Temp , 

C 

Time 

Right 


Room 
Temp , 
C 

3 25 

30 80 

30 73 


3 37 

30 805 

30 765 

23 5 

3 28 

30 77 

30 705 

21 8 

3 38 

30 805 

30 77 

22 9 

3 29 

30 775 

30 71 

21 9 

3 39 

30 81 

30 78 

22 8 

3 30 

30 775 

30 73 


3 40 

30 815 

30 79 

22 7 

3 31 

30 78 

30 735 

22 3 

3 41 

30 825 

30 82 

22 6 

3 32 

30 78 

30 735 

22 5 

3 42 

30 83 

30 83 

22 7 

3 33 

30 79 

30 745 

23 0 

3 43 

30 84 

30 84 


3 34 

30-796 

30 745 

23 4 

3 44 

30 85 

30 85 


3 35 

30 795 

30 755 

23 7 

3 45 

30 86 

30 855 


3 36 

30 80 

30 755 

23 7 

3 53 

30 75 

30 75 



Cooling of calorimeters in eight minutes, R, Oil degiees, L, 0105 degrees 
Volume of right hand 480 c c , of left 462 c c Water equivalent of calonmetei s 
with contents, R, 3,479, L, 3,465 Rectal temperature 36 9 C Blood-pressure 
in left aim (Nov 27, 1912), systolic 158 (palpation), 155 (stethoscope), 95 
(sound gone) 


The blood flow in the feet and hands was measured Nov 29, 1912 The swell 
ing of the legs, the patient said, was stationary The varicose veins could not 
be seen on account of the swelling There was no pain in tlie back, but he 
liad pain in the lower abdomen a little above the level of the groin when he 
walked any distance Pulse (sitting) 98 Feet in bath at 2 06% p m , in 
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caloiimetcrs at 2 31 and out of caloiimeters at 2 ooVj 2,575 ec of 'ivater 
in each ealonmetei, as finallj i educed in size" 


TABLE 5 — CALOBiiiETEE ^MeastjRemexts of Feet ijt Chakles W 


Time 

Right 

Left 

Room 
Temp , 

C 

Time 

Right 

Left 

Room 
Temp , 
C 

2 16 

31 30 

31 38 


2 43 

31 35 

30 92 


2 19 

31 24 

31 20 

23 8 

2 45 

31 38 

30 93 

23 6 

2 21 

31 225 

31 265 


2 47 

3141 

30 945 

23 4 

2 23 

31 21 

31 11=^ 


2 49 

31 44 

30 955 

23 8 

2 25 

31 21 

31 055 

23 3 

2 51 

31 475 

30 975 

24 1 

2 27 

31 205 

31 02 


2 53 

31 505 

30 995 

24 1 

2 29 

3121 

30 98 

23 15 

2 55 

31 535 

31 025 

23 6 

2 32 

31 22 

30 94 

23 3 

2 57 

31 575 

31 045 

23 2 

2 35 

31 24 

30 93 


2 59 

31 60 

31 07 


2 37 

31275 

30 92 

23 5 

3 01 

31 57 

31 05 


2 39 

31 295 

30 92 

24 0 

3 14 

31 37 

30 87 


2 41 

31 32 

30 92 

23 9 






' Stirring in L had not been thorough till now for fear of hurting the foot 
Cooling of caloiimeters in thirteen minutes R, 0 20 degrees, L, 0 18 
degrees Volume of light foot 1203 cc, of left foot 1,103 cc Water equna- 
lent of foot calorimeters with contents, R 3 817 L 3 747 Hands in hath at 
3 24y2 p m in ealonmetei s at 3 34 and out of caloiimeters at 3 45 

TABLE 6 — CALOEi:METnR IMe^vscremexts of Hands or Charles W 


Time 

Right 

Left 

Room 

Temp 

C 

Time 

Right 

Left 

Room 

Temp 

C 

3 33 


31 22 


3 

41 


31 605 


3 35 


31 255 

22 9 

3 

42 

BUI 

31 66 

24 2 

3 36 

MiiM 

31 31 

22 9 

3 

43 


31 72 

24 1 

3 37 

31 40 

31 30 

23 0 

3 

44 

31 83 

31765 


3 38 

31465 

31 425 

23 25 

3 

45 

31 895 

31 82 


3 39 

3 40 

31 53 

31 60 

31 485 
31 55 

23 5 

23 9 

3 

52 

31 79 

31 72 



Cooling of hand calorimeters in seven minutes R , 0 105 degrees L , 0 10 
degrees Volume of right hand 486 c c, of left hand 470 c c He is right handed 
There is no difference, he says, in his hands, as to strength oi otherwise, nor 
was there any diffeience at the time of the “strokes” Watei equivalent of hand 
calorimeters with contents, R , 3,484, L , 3,471 Rectal temperature 37 9 C 
He was discharged Dec 22, 1912 able to use the left foot better, he says 
than for the previous seven years 


Charles W , a cleik, aged 42 was admitted to the City Hospital October 
29, 1912 He had rheumatism at the age of eight years, since which time the 
left leg seemed to be weaker and smaller than the right At that time the arms 
and legs were somewhat swollen and extremely sensitive He had a stroke of 
paralysis in 1903 He was sitting in a chair reading and found he could not 


7 For details of the method of measuring the flow in the feet see Paper 
of this series ® 
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rise to walk Theie were no comulsions Both-vaims and legs v,gtg affected 
He could not move the eyes, nor talk, and his sight was affected No howel or 
bladder trouble In seven months he had lecoveied fiom the stroke and had no 
trouble in walking or in any other way until 1907, vhen he had a second stioke 
of the same kind preceded by slight di7Ziness, but otherwise no subjective signs 
Theie was no disturbance of vision It took four years foi his complete recovery 
from the second attack and then he felt “real uell ” Four months before admis- 
sion he fell on the sidewalk and abraded the left shin about 3 inches It healed 
somewhat and the scab “raised up” and began to pain him severely, the pain 
shooting down the leg He iient to a hospital for four weeks and it again 
healed to some extent On leaving the hospital it became worse, then healed 
again, but continued to be 'very painful It opened again and the pain continued 
so that he could not sleep There are many petechial spots on the left leg 
Examination of thorax negative Reflexes increased in the left leg The left 
leg IS atrophied and much smaller than the right and inches shorter The 
left foot IS not small, although doubtless smaller than the right It is the lower 
leg 11111011 IS conspicuously small He denies lues emphatically The Wasser- 
mann blood test was twice negative Spinal fluid also negative, cell count nega- 
tive, Noguchi nogativ'C 

The blood flow in the feet and hands vias measured Dec 18, 1912 There 
was no pain in left leg Feet in bath at 2 04 p m , m calorimeters at 2 17% 
and out of calorimetrs at 2 59, 2,775 cc of viater in each calorimeter Pulse 
(sitting) 92 He felt the feathers equally veil on both legs 

I was asked to make an examination of the flow in the feet in case 
some light might thus be thrown on the diagnosis The flow in the light 
foot was 1 89 giams per 100 c c per minute and in the left 1 56 gramc 
(for the last ten minutes in the calorimeters), with an aveiage room 
temperatuie 23 9 C Fiom the small deficiency in the flow in the left 
foot as compared with the right, it was concluded that there was no 
obsti notion m the main arterial supply of the left leg which could account 
for tlie slow healing of the sore and for the pain in the leg If the cause 
was vascular it was theiefoie a vasomotor alfaii, possibly even a local 
vasoconstriction due to the pain itself Undue susceptibility to vaso- 
constriction might account for the relatively small flow in both feet The 
slow mcrease in the flow m the left foot at the beginning of the obseiva- 
tions supports the view that it was peculiarly susceptible to vasoconstric- 
tion The consequence of this stubborn vasoconstriction is that the ratio 
of the flow in the left foot to that in the right for a period of twenty- 
four minutes m the calorimeters, beginning seventeen and one-half min- 
utes fiom the first insertion theiem, is 1 1 55, while for the last ten 
minutes in the calorimeters it is 1 1 21 The cause of the small flow was 
not a cential one (deficiency in the drmng power of the heart), since 
the flow in the hands vas normal (10 62 grams for the right hand per 
100 cc per mmute and 10 grams for the left with loom temperature 
23 6 C ) 

Pbihp D, a street laborer, 47 year old, a dispensary patient Weight 170 
pounds, height 5 feet, 10% inches His right arm was shorter than the left 
from inflammatory rheumatism, he said, 13 years previously Some arteiio 
sclerosis He bad had pneumonia, pleurisy and rheumatism He had a trouble- 
some cou<th and coughed a good deal while his hands were in the calorimeters 
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He had a gieat many clothes on but the hands were not A\arm The blood-flow 
m the hands was examined Dec 20, 1910 At 2 23 p m hands put in hath, 
at 2 32 in calorimeters, and at 2 45 taken out of calorimeters He Avas in a 
huiry to get back to woik and theiefoie Ins hands Avere left only nine minutes 
in the bath , 3 050 c c of AA'atei in each calorimeter This was one of the earlier 
cases examined and the caloiimeter and room temperature was 19 1 0 Bath 
tempeiatures AA^eie loAvei than are usuallj employeu noAV 

TABLE 7 — Calorimeter Measurements in Case of Philip D 


Time 

Right 

Left 

Time 

Right 

Left 

2 30 

29 49 

29 44 

2 

40 

29 50 

29 50 

2 33 

29 40 

29 38 

2 

41 

29 53 

29 61 

2 34 

29 41 

29 38 

2 

42 

29 59 

29 60 

2 35 

29 40 

29 38 

2 

43 

29 61 

29 63 

2 36 

29 41 

29 40 

2 

44 

29 66 

29 70 

2 37 

29 41 

29 40 

2 

45 

29 69 

29 70 

2 38 

29 43 

29 42 

2 

55 

29 54 

29 56 

2 39 

29 47 

29 45 






Cooling of calorimeters in 10 minutes B,, 0 15 degrees, L , 0 14 degiees 
Volume of right hand in caloiimeter, 385 cc, of left, 375 cc Pulse (stand- 
ing) 68 Mouth tempeiatuie 37 0 C 


Tile floAV 111 the light hand, which showed no Avastmg, was 7 05 giaras 
per 100 c c pei minnte , in the left 7 41 grams, with the rather low room 
tempeiatuie of 19 1 C These flows are fair for his age and clinical 
condition As his haste to letiiin to ivoik did not permit a sufficiently 
long examination, and no oppoitunity to repeat the observations occurred, 
it is not possible to say ivliethei the small deficiency in the right hand 
flow is permanent and associated with the shortening of the arm 

Some interesting cases in which obvious diflerences between the two 
hands exist were found in unilateral inflammations Of these we shall 
cite three — one in which the inflammation was due to an infected finger, 
one in which it was due to gout, and a third in which it was due to a 
spram 

Charles C , a teamster, aged 36, had an infection of the right hand, Avith 
considerable swelling and redness , otherwise he was in good health The protocol 
has been already published® The flow Avas 1193 giams per 100 cc per min- 
ute, or allowing for the edema fluid, 13 05 grams in the right hand against 
4 92 grams in the left, with i oom temperature at 23 8 C 

There can be no doubt that along with an increase in the flow in 
the inflamed hand in this case there goes a decrease in the flow in the 
normal hand, since 4 93 grams is an abnormally small flow for a healthy 
man of this age The suggestion is that in order to provide for the 
increased flow in the infected area a vasoconstriction, possibly elicited 
reflexly through the pain neives of the infected hand, is brought about 


8 Heart, 1911, iii, 82 
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elsewheie and paiticularly in tlie symmetiically placed paits on tlie 
opposite side 

Howevei tins may be, a fact of inteiest emerges when the vasomotoi 
leflexes from the left to the light hand aie studied Immersion of the 
left hand in cold watei caused scarcely any reduction of the flow in the 
right hand (fiom 11 93 to 11 15 giams, or allomng for the edema liquid, 
from 13 05 grams to 12 20 giams) This is a very much smaller leac- 
tion than normal, and suggests that vasoconstrictor impulses to the 
inflamed pait are blocked, perhaps, by a local action of the bacterial 
products 01 of something pioduced in the reaction between them and 
the leukocytes on the vasomotoi neive endings It is clear that such a 
block may be of impoitance in maintaining against casual and vagrant 
vasoconstiictoi impulses, so to say, the full stream of blood which is so 
important a factor in combating the infection 

Immersion of the left hand in warm water also caused hardly any 
increase in the flow thiough the light hand beyond promptly removing 
the small effect of the cold watei But this is of less significance, as the 
vasodilatation in the infected hand was probably already nearly ma\i- 
nium, and it is usual to obtain a relatively small reflex vasodilatation 
in a hand with a laige initial flow It is, however, again of interest that 
the initial vasoconstriction which noimallv follows immeision of the 
contralateial hand m warm watei is here absent, a fuithei indication of 
a block on the vasoconstrictor path A different pictuie is presented bv 
the case of gouty (non-bacteiial) inflammation in which two examina- 
tions weie obtained 

Hany S , aged 50, a patient at the City Hospital He had suffeied fiom gout 
for twenty years He had no knowledge of its haring been in the family befoie 
him His mothei suffeied much fiom rheumatism Theie aie tophi in the 
sciotum as well as in the ears There is a trace of albumin in the mine, also 
some fine granulai and hyaline casts First examination of the hand fiow April 
3, 1912 The light wrist and hand weie painful and srvollen Hands in bath at 
2 20 p ni , in calorimeteis at 2 32 p m Mouth tempeiatuie 37 1 C At 2 44 
p m left hand put in watei at 43 C 

Second examination of hand flow July 9, 1912 The right wiist and hand 
were much swollen and there was consideiable pain The day rras warm and 
muggy Pulse (sitting) 100 Hands in bath at 2 07 p m , in caloiimeteis at 
2 17 p m Only 2 905 c c of water was put into each calorimetei on account 
of the swelling of the right hand At 2 SO p m left hand put into watei at 
8 3 C He feels it very cold 

At tlie first examination with room temperature 24 3 C , the flow was 

6 88 grams per 100 c c of hand per minute (or allowing for the swelling, 

7 47 grams) in the right hand and 3 07 grams in the left Immersion of 
the left hand in warm water caused the usual initial diminution of the 
flow in the right to 4 66 grams (or, allowing for swelling, 5 06 grams) 
followed by an increase to 9 88 grams (or, allowing for the edema, 10 73 
grams), a good vasodilatation It must, of course, be remembered that 
the initial flow in the right hand did not correspond with anything like 
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a maximal lasodilatatiou It is therefore all the moie significant that 
immeision of the left hand m cold water caused a maiked and persistent 
decline of the flow in the light hand to 3 84 grams (oi, allowing for the 
swelling, to 4 16 giams) There is, then, in this case of non-hacteiial 
inflammation, no sign of vasoconstiictor block 


TABLE 8 — CalorijMEter Measurements in Case of Harry S 


Time 

Right 

Left 

Room 
Temp , 
C 

Time 

Riglit 

Notes 

2 33 

30 32 

30 21 


2 51 

31 11 

At 2 51 left hand put in 







watei at 8 C 

2 34 

30 30 

30 22 


2 52 

31 13 


2 35 

30 37 

30 23 


2 53 

31 IS 


2 36 

30 40 

30 23 

24 2 

2 54 

31 10 


2 37 

30 43 

30 23 


2 55 

3121 


2 38 

30 40 

30 24 


2 56 

31 23 

Room at 24 0 C 

2 30 

30 55 

30 27 


2 57 

31 245 


2 40 

30 59 

30 305 

24 3 

2 58 

31 27 


2 41 

30 63 

30 315 


2 59 

31 29 

At 2 59 left hand diied 







and wrapped 

2 42 

30 60 

30 33 


3 00 

31295 

Room at 24 1 C 

2 43 

3071 

30 33 


3 01 

31 32 


2 44 

30 76 

30 34 


3 02 

31 33 


2 45 

30 795 



3 03 

3137 


2 40 

30 805 


24 5 

3 04 

31 395 


2 47 

30 80 



3 05 

31 42 

At 3 05 hand out of 







caloiim Room 32 7 

2 48 

30 92 



3 131/2 

31 33 

At 3 131/2 L IS at 30 07 C 

2 40 

30 09 






2 50 

31 06 


24 2 





Cooling of caloiimeteis B, 0 09 degiee m Si/j minutes, L 0 27 degiee in 
291^ minutes Volume of right hand in caloiimetei 456 c c , of left hand 404 c c 
Pulse (sitting) 76 Water equivalent of caloiimeters Avitli contents, E, , 3,460, 
L, 3,418 

TJie same fact comes out fully as well in the second examination, 
which was made on a veiy warm day with a loom tempeiatiire of 29 7 C 
The light hand was much moie swollen at the second examination than 
at the first At neithei examination was there any pain in the left 
hand The initial flow was 13 27 giams pei 100 c c pei minute (taking 
only the flow collected foi the edema liquid) in the right and 8 13 grams 
in the left hand As compaied with the previous examination, the flow 
in tho left hand is, of course, proportionately more increased by the high 
external temperature than that in the right It is still, however, for the 
temperature a distinctly subnoimal flow On immersion of the left liand 
in cold water, the flow in the right was diminished to 8 47 giams, a veiy 
fan reaction in the normal direction, and this was augmented to 12 82 
grams, nearly the initial flow, on subsequent immersion of the left hand 
in warm water 





C90 


TEE ARCHIVES OF INTERNAL MEDICINE 
TABLE 9— Second EvAjinNATiOxV in Case of Habby S 


Time 

Right 

Left 

Room 
Temp , 
C 

Time 

Right 

Notes 

2 16 

31 39 

31 30 

29 7 

2 34 

32 535 

The cold water does not 







feel as had as it did 

2 18 

31 47 

31 42 


2 35 

32 58 


2 19 

31 65 

31445 


2 36 

32 61 


2 20 

31 026 

3148 


2 37 

32 06 

He says the cold water 







IS now more tolerable 

2 21 

31 70 

31 525 

29 65 

2 38 

32 69 


2 22 

31 78 

31 56 


2 39 

32 74 

At 2 39 left hand put in 







water at 42 8 C Room 







29 6 C 

2 23 

31 87 

31 625 


2 40 

32 795 


2 24 

3194 

31 06 


2 41 

32 825 


2 25 

32 03 

3173 

29 8 

2 42 

32 89 


2 26 

32 105 

31 77 


2 43 

32 955 

Room 29 9 C 

2 27 

32 18 

31 82 


2 44 

33 01 


2 28 

32 24 

31 855 


2 45 

33 07 


2 29 

32 32 

31 90 


2 46 

33 125 

Room 30 0 C 

2 30 

32 38 

31 95 


2 47 

33 195 


2 31 

32 41 



2 48 

33 25 

At 2 48 hand out of 







calorimeter 

2 32 

32 47 



3 02 

33 16 

At 3 02 temperature of 







L IS 31 825 C 

2 33 

32 50 


29 7 





Cooling of calorimeters B 0 09 degrees in fourteen minutes , L , 0 125 
degrees in thirty-two minutes Volume of right hand in calorimeters 530 c c , 
of loft hand 410 c c Rectal temperature 37 95 Water equivalent of calorimeters 
with contents R, 3,519, L, 3,423 Blood-pressure left arm, systolic 114 5 
(palpation), 114 (stethoscope), 85 5 (sound gone) Another observation with 
stethoscope, systolic 108, 88 (sound gone) 


It would not be profitable to speculate on the reasons for the differ- 
ence in the reflex vasomotor reactions in the two cases related furthei 
than to point out that the local infection is an acute affair, a bacteiial 
invasion fraught with imminent peril to the organism if it be no! 
promptly dealt with The mechanism exists also, and in the blood, for 
the effective and rapid destruction of the bacteria On the other hand, 
if the essential condition of the gouty paroxysm be the deposition of 
urates in the tissue, while an increase in the hlood-stream, which does 
take place, may doubtless be of value in aiding the tissue to segregate 
the deposit so as to minimize its action as a mechanical irritant, no 
increase in the blood flow, however gieat and however sustained, will 
soon effect the re-solution of the deposit, which in any case is quite 
indifferent to the body as a whole and exposes it to no danger of 
invasion 

The third case was that of Mai tin B, a man aged 66 years, who had 
sprained the little finger of his left hand three days before the examina- 
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tion The hand was swollen, bnt not greatly He said the pain had 
diminished The difference in flow between the two hands is very strik- 
ing (17 grams per 100 c c per minnte for the right hand and 5 2 grams 
for the left with a room temperature of S3 4 0 ) Absolutely the flow 
IS small in both hands, which is accounted for by the arteriosclerosis,” the 
lenal disease and the age of the patient It may be worth pointing out 
once more that the high systolic arteiial pressure far from indicating a 
copious flow, IS commonly the index of a high peripheral existence, 
coupled with a small flow No obsei rations were made on the vasomotor 
reflexes, although it would have been interesting to compare a ease of 
traumatic non-bacteiial inflammation with the case of infection 
(Charles C ) The complicating conditions, however, especially the 
arteriosclerosis, which tends to prevent marked vasomotor reflexes, ren 
dered the case an unfavorable one for these tests Yet there is little 
doubt that the small flow in the light hand is in part due to reflex vaso- 
motor stimulation, probably from the other hand (pain stimulation^) 

Martin B , a caipenter, aged 66, height 6 feet, 8 inches, weight 165 pounds, 
rather stout, horn in Baiaria, but long in this country Drinks considerable 
quantities of beer He has been coming to the dispensary for some time Extract 
from dispensary record Nov 25, 1910 “Marked aiteriosclerosis Albumin in 
urine, also hyaline casts, epithelial cells, mucus and blood No sugai PuflBness 
under the eyes Boundaiies of heait dulness, upper bolder of third rib, right 
sternal margin, and 2 V 2 fingers outside the left nipple Emphysema On 
Jan 16, 1912, he fell and hurt his left hand, spraining the little finger The left 
hand is swollen, but not greatly He says the pain is better than it was The 
blood-flow in the hands was measured Jan 19, 1911 Systolic blood-pressure 151 
Hands put into bath at 2 58 p m , into calorimeters at 3 10 p m , and out of 
calorimeters at 3 24 , 3,050 c c of water in each calorimeter Mouth temper- 
atuie 37 38 C , room 23 2 C 

TABLE 10 — CALOEiiiETFB Measukements in Case of Martin B 


Time 

Right 

Left 

Time 

Right 

Left 

1 

3 09 

29 49 

29 33 

3 

19 

29 49 

29 60 

3 12 

29 45 

29 33 

3 

20 

29 50 

29 66 

3 13 

29 45 

29 38 

3 

21 

29 50 

29 69 

3 14 

29 46 

29 41 

3 

22 

29 52 

29 74 

3 15 

29 46 

29 45 

3 

23 

29 53 

29 79 

3 16 

29 47 

29 49 

3 

24 

29 54 

29 84 

3 17 

29 48 

29 52 

3 

42 

29 38 

29 67 

3 18 

29 48 

29 57 






Cooling of calorimeters in 18 minutes B, 016 degrees, L, 0 17 degrees 
Volume of right hand 490 c c , of left hand 497 c c He is right handed Water 
equivalent of calorimeters with contents, R , 3,522, L , 3,528 Room temp , 23 6 C 


The influence of pain in diminishing the flow in the hands when 
the inflamed axea is not situated in the hands themselves, is perhaps 
illustrated in the ease of George S 


9 See Paper XI (unpublished) of this series. The Archives Int Med, 1914 












G02 


THE ARCHIYEB OF JFTERKAL MEDJGIFB 


Geoige S, a teamstei, aged 37 >ears, A\as admitted at the dispensary Jan 
31, 1911, suffering horn an inflamed light elbow (acute articular iheumatism) 
He first felt pain in the elbow three ■weeks pieMOUs to admission suddenly while 
he -^^as sitting in a saloon The sw’elling came on aftei wards He had no knowd- 
edge of any injuij The elbow on admission was hot and swollen He had 
used alcohol and tobacco to excess He had deliiium tremens in July, 1910 
He had chancie foui years prcMouslv, but denied gonoiihea He had sw^elling 
of foui toes of left foot foi thiee days fom months piCMOusly The heart was 
noimal On February 2 the arm was not quite so led and on Febiuary 6 it w^as 
much bettei The hand and foieaim A\eie quite unaffected His height was 
5 feet, 7 inches, weight 15G pounds 

Ihe flow in the hands was examined Feb 2 1911 The daj w'as cold and 
he had no glo^es on wdien he came to the dispensaiv Pulse (sitting) 92 Hands 
in bath at 2 40 p m , in calonmetcis at 2 50 and out of caloiimeteis at 3 06 
The experiment was shortei than had been intended as he said he w^as suffeiing 
so much pain that he could not keep the right hand in any longei Theie was 
3,050 c e of watci in each caloiimetei 

1 ABLE 1 1 — Cat onniLTUt Examination in C vse or Gnonon S 


T ime 

Eight 

Left 

Eoom 
'lemp , 

C 

lime 

Eight 

Left 

Eoom 
lemp , 

C 

2 49 

29 74 

29 79 



29 75 

29 76 

22 3 

2 51 

29 69 

29 73 



29 77 

29 80 


2 53 

29 69 

29 73 

22 2 


29 79 

29 80 


2 54 

29 70 

29 74 



29 80 

29 81 


2 55 

29 69 

29 73 


3 04 

29 82 

29 83 

22 3 

2 56 

29 70 

29 74 


3 05 

29 83 

29 83 


2 57 

29 71 

29 74 


3 06 

29 85 

29 86 


2 58 

29 72 

29 74 


3 17 

29 72 

29 73 

22 2 

2 59 

29 73 

29 74 







Cooling of caloiimeteis in eleien minutes, 0 13 degiees foi K and L Mouth 
tcmperatuie 37 05 C Volume of light hand in caloiimetei 487 cc of left 
hand 456 c c Matei equivalent of caloiimeteis with contents, E , 3 520, L, 3 495 


As -^las to be expected fiom the fact that the inflammation, although 
unilateial, does not involve eitliei hand, the blood-flow is appioxiinately 
the same in the tvo hands (3 18 grams per 100 c c per minute for the 
light hand and 3 10 giams foi the left hand wnth loom temperature 
222 G ) So fai as it goes the deficiency in the light hand as compaied 
wath the left, if the markedly subnormal flow foi the age of the patient 
IS detei mined in any impoitant degree b-) reflex impulses from the 
inflamed area, may be due to the closer anatomical connection of the 
afferent paths from the right elbow with the efferent paths to the right 
than with those to the left hand Another factor wdiich probably con- 
tributed to the small flow is that the man came to the dispensary on a 
cold day ivithout gloves and could not be kept for a sufficiently long 
interval before the examination Also he was a teamstei, accustomed to 
the exposure of the hands to cold, and there i^' some evidence that these 
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^^cold-adaptecF hands lequne an nnusnally long time to lespond to onr 
standaid conditions of temperature 

It may be instiuctiye to cite here a case in which one hand remained 
persistently swollen without any symptoms or history of inflammation 

Miss M F , 34 yeais of age, 5 feet, 2 inches in height, a cook in a lestauiant, 
was seen at the dispensaiy Feb 16, 1911, on which day the blood-flow in the 
liands was measuied The left hand was permanently swollen to a moderate 
degiee The swelling came on about two years pieviously and had not vaiied 
to any evtent There was no pain or discomfort and no loss of powei, but she 
felt the left hand to be colder than the right, especially in summer There was 
a tians\erse seai on the radial side of the back of the wrist which she said 
was due to the lancing of a boil about the time the swelling came on She did 
not connect the lancing of the boil with the swelling, to which, indeed, she paid 
no attention, coming to the dispensaiy not on her own account, but with a friend 
Nevertheless on cioss-evamination she said she felt pretty suie that there was 
no swelling until aftei the boil had been lanced On the day of examination 
both hands felt rather cold, and to the touch theie was no difference between 
them Pulse 110 (sitting) liands in bath at 3 53 p m , in calorimeters at 
4 04 and out of caloiimeteis at 4 23 Mouth tempeiature 37 02 C 

TABLE 12 — Calorimeter Measurements in Case of Miss F 


Time 

Right 

Left 

Room 
Temp , 

C 

Time 

Right 

Left 


4 03 

29 96 

29 50 


4 15 

30 11 

29 71 


4 05 

29 95 

29 50 


4 16 

30 12 

29 72 


4 06 

29 96 

29 50 

23 9 

4 17 

30 13 

29 75 


4 07 

29 96 

29 52 


4 18 

30 18 

29 81 


4 08 

29 97 

29 53 


4 19 

30 19 

29 83 


4 09 

29 99 

29 56 


4 20 

30 22 

29 85 


4 10 

30 01 

29 00 


4 21 

30 25 

29 88 


4 11 

30 04 

29 62 


4 22 

30 28 

29 90 


4 12 

30 06 

29 65 


4 23 

30 29 

29 91 


4 13 

30 07 

29 68 


4 40 

30 11 

29 73 


4 14 

30 09 

29 70 

24 1 






Cooling of calorimeters in seventeen minutes, 0 18 degrees foi R and L 
Volume of light hand in caloriraetei, 355 c c , of left hand 380 c c 


The flow in the right hand comes out 4 81 grams per 100 c c pei 
minute, in the left 4 TS grams (or, allowing for the piobable amount of 
edema liquid, 6 4 grams), with room temperature at 24 0 The contiast 
with the cases of inflammation is striking The flow in the affected hand 
IS somewhat more copious than in the other, indicating that the cause of 
the edema is probably not obstiuction to the venous return In view 
of the coincidence between the appearance of the edema and the opening 
of the boil, it seems most natural to connect the swelling with in3ury to 
the radial nerve not as yet recovered from, since there is no indication 
of any infection of the lymphatics at that time It is true that Simons^® 


10 Simons Aich f Physiol , 1910, p 559 
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lias stated that the radial nerve does not carry vasomotor fibers to the 
hand But even if this be the case, and the evidence is by no means 
conclusive, this does not preclude the production of permanent vasomo- 
tor effects through an in 3 ur}'’ to a nerve Infection of the nerve path at 
the seat of injuiy, as might occur if the nerve weie divided through 
the boil, might delay legeneiation Thiombosis of veins or l 3 Tnphatics 
might also be thought of, but ivith the fiee anastomosis it is difficult to 
see how this could cause peimanent edema The fact that it was in sum- 
mer that she felt the left hand cold in compaiison with the right indi- 
cates that the vasomotor response to external heat is less peifect than in 
the normal hand A case of edema m the foot and leg probably con- 
nected with a traumatic injury will be referred to in another connection 
(Paper XI of this series, case of Charles H ) 

In this connection may he mentioned experiments in which the flow 
was tested in a normal man (M C ) after bandaging one hand so as to 
cause temporary anemia of the pait, or after bandaging one forearm so 
as to cause tempoiarj'' congestion of the hand In both cases the bandage 
was removed just before the hands were put into the calorimeters 

M C , a normal man 22 yeais old, height 5 feet, 16 inches, '\\eight 146 pounds 
(stripped) April 17, 1911, an e\peiiment was conducted to test the effect 
of bandaging the hand on the blood flow after removal of the bandage At 

3 38 p m began bandaging the left hand from the finger tips upward with a 
rubber bandage (Martin’s) Bandaging was completed at 3 39% p m , at which 
time both hands vere immersed in the bath, the temperature of which was 30 2 C 
At 3 50 p m the hands were put into the calorimeters the bandage haAung 
been rapidly removed from the left hand while it was still kept in the bath At 

4 04 p m the hands were removed from the calorimeters Volume of right 
hand m calorimeter 473 c c , of left hand 448 c c Rectal temperature 36 9 C 


TABLE 13 — Calobimeter Measxibements in a RToRirAi, Individtjae After the 

Hands Had Been Bandaged 


Time 

Eight 

Left 

Room 
Temp , 

C 

Time 

Riglit 

Left 

Room 
Temp , 

C 

3 48 

29 99 

30 04 

23 8 

3 59 

30 31 

30 44 

24 4 

3 51 

30 02 

30 08 


4 00 

30 37 

30 50 


3 52 

30 06 

30 15 


4 01 

30 41 

30 54 

24 4 

3 53 

30 09 

30 21 

24 4 

4 02 

30 45 

30 59 


3 54 

30 12 

30 23 


4 03 

30 49 

30 61 

24 4 

3 55 

30 16 

30 28 


4 04 

30 52 

30 64 


3 56 

30 19 

30 32 


4 04% 

30 52 

30 64 


3 57 

30 22 

30 35 


4 10% 

30 47 

30 60 

24 2 

3 58 

30 28 

30 41 







Here the flow per 100 c c per miuute in the right hand works out 
at 6 25 grams and in the left hand at 7 04 grams for thirteen minutes in 
calorimeters Por the fiist 11 minutes of this period the calculated flows 
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are 6 26 grams per 100 c c per minute for the right hand and 7 45 
grams for the left The flow in the previously anemic hand is therefore 
increased to a moderate degree Probably the increase is somewhat 
greater than it appears to he from these flgures, since the flow per 100 
c c per minute m M C is nearlj^ always somewhat less for the left than 
for the right hand In both hands the flow is less than usual for this 
man, as the hands had been long used for blood-flow observations on the 
same afternoon, and this causes vasoconstriction 

M G, May 4, 1911 Experiment on the effect of bandaging the forearm 
on the flow in the hand after removal of the bandage The left forearm was 
bandaged from above downward with a Martin’s bandage The bandaging was 
begun immediately below the bend of the elbow and carried down nearly to the 
upper pencil mark on the wrist, the arm being all the time in the dependent 
position Tlie hand was well filled with blood before the application of the 
bandage was begun and the bandage was tight enough to retain the venous blood 
without greatly affecting the arterial flow 

At 2 37 p m the hands were put into the bath and at 2 47 into the calor- 
imeters, the bandage having been rapidly removed from the left forearm ]ust 
before the hands were taken out of the bath The hands were taken out of the 
calorimeters at 3 06 p m Pulse (sitting) 90 Cooling of calorimeters in 
nine minutes E, 0115 degrees, L 011 degrees Volume of right hand in 
calorimeter 486 c c , of left 470 c c Water equivalent of calorimeters with con- 
tents, E , 3,484, L , 3,471 Eectal temperature 37 2 C 


TABLE 14 — CALOBIilEXEB MEASUBEltENTS AFTEE BaXDAGIKG THE FOBEABil 


Time 

Eight 

Left 

Notes 

Time 

Eight 

Left 

Notes 

2.45V> 

29 54 

29 03 


2 58 

30 58 

30 47 

Eoom 23 2 

2 48 

29 61 

29 66 

He feels left hand 

2 59 

30 07 

30 54 





warmer than right 

3 00 

30 74 

30 61 

Left now feels water 

2 49 

29 72 

29 75 





cool the whole 

2 50 

29 81 

29 84 





time of stirring 

2 51 

29 90 

29 92 

Eight hand feels water 




like right, but not 




cool when stirred. 




as distinctly as 




but not left Left 




right 




feels tired 

3 01 

30 83 

30 69 


2 52 

29 99 

29 98 


3 02 

30 93 

30 76 

Now feels no differ- 

2 53 

30 11 

30 07 

Eoom 23 3 




ence in warmth of 

2 54 

30 17 

30 13 





the two hands, but 

2 55 

30 29 

30 25 

Left still feels warmer 




left still a little 




than right 




tiled 

2 56 

30 41 

30 34 


3 03 

31 01 

30 83 


2 57 

30 47 

30 40 

Left feels water only 

3 04 

31 09 

30 90 

Eoom 23 2 




when stirring is 

3 05 

31 17 

30 94 





begun 

3 06 

31235 

31 01 

The hands now feel 








the same 





3 15 

31 12 

30 90 

Eoom 22 8 


Por the first nme minutes in the caloiimeters the flow comes out 
12 86 grams per 100 c c per minute for the right hand, and 11 61 grams 
for the left Poi the second nine minutes the flows are 13 31 grams, and 
10 96 grams for the light and left hands, respectively, for the whole 
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eighteen minutes, 13 12 giams and 1126 grams The dispioportion 
between the flows in the two hands cannot be due to the deeper parts of 
the left hand having more neaily acquired the temperature of the bath 
owing to the impeded cii dilation and being then heated up by the blood 
during the fiist pait of the period of immersion in the calorimeteis For 
the disproportion is greater in the second than m the first nine minutes 
The combined flow in the two hands remains practically constant 
throughout 

In the experiment of Ma}^ 24, 1911, on the same man, the effect of 
model ate compiession of the veins by a rubber band kept on one foieaim 
during the observations is illustiated Although the diminution in the 
flow IS distinct, it IS fai less than might liave been expected from the 
swelling of the veins in the hands The leason is that the venous pressure 
quickly uses to the point at which blood again passes freely heart-wards 
under tlie band Evidence will be brought forward in the next paper 
(Paper X) that some degree of venous engorgement in certain cardiac 
lesions in nhicli the beat of the lieait is still strong and oiderty, the 
myocardium not having seriously deteiioiated, may even be associated 
with an increased hand flow, the use of venous pressure, which is general, 
not local as in the expeiiment under discussion, being more than com- 
pensated by the concomitant rise m the arterial pressure and the widen- 
ing of the vascular path 

M C, May 24, 1911 Pulse (sitting) 87 Hands in bath at 2 29 p m , in 
calorimeters at 2 391/6, out of caloiimeteis at 3 10 Mouth temperature 36 7 C 
At 2 481/6 put band on right forearm about 8 cm above the upper mark The 
band was made of rubber tubing It compressed the veins without affecting the 
ladial pulse so far as could be felt by the finger After it was put on the sub 
ject said his right hand felt “heavy,” and later on had a kind of burning sensa- 
tion Band taken off at 3 00% p m Cooling of calorimeters R , 0 95 degiees 
m 9 minutes, L , 0 10 degrees in nine and one-half minutes Volume of right hand 
in calorimeter, 470 cc , of left hand, 457 cc Rectal temperature 37 3 C 

For five minutes before the application of the band the flow works 
out at 17 98 grams per 100 c c per minute for the light hand, and 16 65 
grams for the left, with the high room temper atuie of 26 9 0 For the 
first five minutes with the band on the right arm the flows were, respec- 
tively, 15 55 grams per 100 c c per minute for the right, and 15 82 grams 
for the left hand For the last six minutes of application of the band 
the flows were 13 56 grams and 13 93 grams for the right and left hands, 
respectively The original preponderance of flow m the right hand has 
therefore been changed by the obstruction to the venous return fiom the 
riflit hand to a preponderance in favor of the left That this is not due 
to°some accidental (vasomotor?) effect in the course of the expeiiment 
IS shown by the restoration of the piepondeianee of the right hand when 
the band is removed, the flow for nine minutes coming out at 15 20 grams 
per 100 c c per mmute for the right, and 14 84 grams for the left hand 
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The changes in the flow ni the left hand suggest that the inteiference 
with the flow 111 the light (local asphyxia) may have caused some com- 
pensatoiy vasoconstiiction elsewhere, especially m the left hand, as a 
means o± raising the aiierial piessuie and thus helping to oveiconie the 
ohstruction 


TABLE 15 — Caloriwetke 3\Ieasueemfnts wiih Eubber Band on Arm 


'lime 

Eiglit 

Left 

Boom 

Temp 

C 

Time 

Eight 

Left 

Boom 
Temp , 

C 

2 39 

30 29 

30 33 


2 

57 

32 065 

32 03 


2 41 

30 48 

30 51 

20 5 

2 

58 

32 11 

32 10 

26 4 

2 42 

30 62 

30 64 


2 

59 

32 20 

32 16 


2 43 

30 76 

30 78 

27 1 

3 

00 

32 26 

32 225 


2 44 

30 88 

30' 90 

20 0 

3 

01 

32 30 

32 295 

26 8 

2 45 

31 02 

31 02 


3 

02 

32 37 

32 335 


2 4f) 

31 125 

31 105 

20 0 

3 

03 

82 43 

32 405 


2 47 

31 22 

31 205 


3 

04 

32 495 

32 46 


2 48 

H 34 

31 30 


3 

05 

32 58 

32 535 

26 5 

2 49 

3141 

31 37 


3 

06 

32 65 

32 61 


2 50 

31 505 

31 45 


3 

07 

32 72 

32 68 


2 51 

31 595 

31 535 


3 

08 

32 785 

32 735 

26 9 

2 52 

31 68 

31 03 


3 

09 

32 85 

32 81 


2 53 

31 775 

31 73 

20 0 

3 

10 

32 905 

32 87 


2 54 

31 85 

31,81 


3 

19 

32 81 



2 55 

31 92 

31 89 


3 

191/4 


32 77 

26 5 

2 56 

31 995 

31 95 








Ceitain cases in iiliich congenital oi at least very long standing 
anatomical defects existed in one liand without markedly affecting it': 
functional power weie examined Heie, as was to be expected, no gieat 
difference in the flow pei 1 00 c c of hand was made out 

Helen P, a gni 21 yeais old, height 4 feet 11 inches, well nourished She 
^^olks with a sewing machine in a factoiy She said she had rheumatism at 
6 months, and St Vitus’ dance two yeais previous to examination She came 
to the dispensary foi “neivousness ” She has no symptoms of chorea, but is 
afiaid she is going to have it again Menstruation is disturbed, her peiiod 
falling too late foi the past two oi three months, but there is no moie than the 
usual amount of discomfort and the discharge is not altered in quantity She 
has suffeied much from headache the past two or three months Her left wiist 
is dcfoimed (subluvation anteiioily), the styloid process of the ulna being veiy 
pi eminent The left hand is consideiably smaller and the left ulna and radiu^j 
shortei than the right This has been true for a long time, peihaps fiom birth 
The left hand is normallj' foimed and she uses it in all ways in which a noimal 
hand would be used, only it is not so strong as the right hand The left anteiior 
limb IS shorter than the light and the girth of the forearm is distinctly less to 
the eye The left hand does not get cold any nioie than the light and does not 
lequiie to be better piotected in wintei The pulse at the wrist is of fair lol- 
ume to the finger The blood flow was examined July 20, 1911, the first day 
she came to the dispensary Pulse (sitting) 88 Hands in bath at 2 21 p m , 
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in calorimeleis at 2 45% p m The lower mark on the left wrist had to he drawn 
through the middle instead of at the lower border of the styloid process of the 
ulna, as the hand ivas bent somewhat to the side, and the whole hand could not 
otheiwise have been included in the calorimeter Mouth tempeiature 37 6 C 

■\7ith the 1 atliei high room temperatui e of 26 C the flow m the right 
hand w^as 9 08 grams per 100 c c of hand per minute^, in the left 8 81 
glams The vasomotor leflexes fiom the light to the left hand were less 
maiked than those normally obseived, hnt in the normal direction 


TABLE 10 — CALORiiinTER Measurements in Case or Helen P 


Time 

Bight 

Left 

Notes 

Time 

Left 

Notes 

2 45 

30 495 

30 45 



30 89 


2 47 

30 575 

30 47 



30 93 


2 48 

30 GO 

30 51 



30 90 


2 49 

30 04 

30 54 

Boom 20 0 C 

3 04 

30 97 

At 3 04 put right ha 

2 50 

30 09 

30 00 




in water at 43 C 

2 51 

30 73 

30 03 


3 05 

30 99 


2 52 

30 775 

30 05 


3 00 

31 005 

Boom 26 2 C 

2 53 

30 80 

30 69 


3 07 

31 025 


2 54 

30 85 

30 72 


3 08 

31 04 


2 55 

30 89 

30 74 

Boom 20 2 C 

3 09 

31 08 


2 50 

30 92 

30 705 

At 2 50 put right 

3 10 

31 11 





hand in water at 

3 11 

31 135 

Boom 26 1 C 




83 C 

3 12 

31 155 

At 3 12 hand out 

2 57 


30 80 




calorimeters 

2 58 


30 825 

She feels it veiy cold 

3 17 

31 12 

At 3 17 right IS 




and complains of it 



30 77 C 

2 59 


30 835 

Still complains of the 







cold w'ater, though 







it IS now more 







tolerable 




3 00 


30 87 






Cooling of calorimeters K , 0 15 degrees in twenty-one minutes, L, 0 035 
degrees in five minutes Volume of right hand, 282 c c , of left hand, 230 c c 


]\Iax H , aged 46, with spastic paratysis of the left wrist (birth palsy), 
shelved a flow in the left hand but little less than that in the right (right 
hand 10 71 grams per 100 c c per minute, left hand 10 2 grams with 
room temperature 20 5 C ) These flow^s are perfectly normal He uses 
the left hand largely in his work, that of a telegraph operator It was 
obviously well supplied with blood The protocol of the ease has already 
been published 

Mane G, 15 years old, congenitally deficient in intellect and bi ought on tins 
account to tlie dispensary by her mother, July 20, 1911 She became violent at 
times and would bite her mother On admission she wms in good humor She 
could read hooks and new'spapers and did so legularly She played the piano 
and easily picked up a melody which she heard She could also Avrite, but she 
was quite defects e in certain points, for example, she did not understand the 

10 Proc Soc Expel Biol and Med , 1910, vni, 43 
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time of day She did not walk until she was 3 years old She had menstruated 
regularly foi about two years prior to being seen Her left hand was congenitally 
defective, the thumb being wanting, otherwise it was perfectly formed, though 
small The left arm both upper and lower, was much smaller in girth than the 
right, and the elbow joint appeared veiy prominent between the two ill-developed 
segments The left hand easily became cold in winter She used it quite fieely, 
but not so much as the light The whole left anterior extremity was somewhat 
shorter than the right The mother said the child’s left leg was also affected to 
some extent, but this was not now noticeable in her walk She was well grown 
and looked well nourished The blood-flow in the hands was examined July 
20, 1911 Hands m bath at 3 24 p m , in calorimeteis at 3 26 Mouth tempei- 
ature 37 35 C At 3 50 p m right hand put into water at 42 8 C Cooling of 
calorimeteis R , 0 12 degrees in twenty-two minutes, L, 014 degiees in nine- 
teen minutes Pulse (sitting) 88 Volume of right hand in calorimeter, 260 cc , 
of left hand, 170 c c 


TABLE 17 — Caloetmeteic Measueements of Maeie G 


Time 

Right 

Left 

Room 
Temp , 

C 

Time 

Left 

Notes 

3 35% 

30 13 

30 20 


3 56 

30 435 


3 37 

30 12 

30 17 

26 2 

3 57 

30 47 


3 38 

30125 

30 17 


3 58 

30 50 


3 39 

30 145 

30 19 


3 59 

30 525 


3 40 

30 16 

30 18 


4 00 

30 635 


3 41 

30 185 

30 21 


4 01 

30 54 


3 42 

30 20 

30 22 

26 5 

4 02 

30 56 


3 43 

30 225 

30 23 


4 03 

30 665 

At 4 03 right hand put 







in watei at 13 U 







She says she feels it 







veiy cold 

3 44 

30 25 

30 23 


4 04 

30 59 


3 45 

30 28 

30 24 


4 05 

30 60 

Room at 26 3 C 

3 47 

30 31 

30 265 


4 06 

30 61 


3 48 

30 335 

30 30' 


4 07 

30 62 


3 49 

30 38 

30 325 


4 08 

30 625 


3 50 

30 40 

30 335 


4 09 

30 635 


3 51 


30 35 

26 25 

4 10 

30 64 


3 52 


30 355 


4 11 

30 65 

Hand removed from 







calorimeter at 4 11 

3 53 


30 36 


4 12 


Temp of R at 4 12, 30 28 

3 54 


30 38 


4 30 

30 51 


3 55 


30- 41 






With average room temperatuie 26 3 C the flow in the right hand 
was 5 96 grains pei 100 c c per minute, and in the left 6 6 grams per 
100 c c per mmnte The flow in the defective hand is thus somewhat 
gi cater than in the normal one, in contrast to the condition in a case of 
infantile paialysis in N M , a hoy 9% years old, whose left hand was 
much atrophied and functionally of little use In his right hand the 
flow was 15 0 grams per 100 c c of hand per minute against 7 6 grams lu 
the left hand with room temperature 23 4: C The protocol of N M has 
already been published 
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It lias been mentioned m a pieiious that the flow in the distal 

halt ot the hand is gieatei than in the hand as a whole, doubtless because 
of the gieatei piopoition of skin in the formei A case (John B ) in 
which some of the fingeis of the left hand had been amputated, gave the 
oppoitunity of compaiing two hands, one of which had suffered a con- 
sideiable loss in its distal half The blood-flow foi the last ten minutes 
in the calorimeters was 7 20 grams pei 100 c c pei mmute for the light 
and 5 34 giams foi the left hand, a consideiable deficiency in the hand 
which had lost fingeis The fact that the man had a right-sided pleurisy 
mill effusion piobably does not inteifeie with this conclusion, but, if 
anything strengthens it Foi it will be shown in a subsequent paper 
that this condition is usually associated with a diminished hand flow on 
the side of the lesion and that the diffeience may peisist after the fluid 
has been lemoied 

John B, a longshoionian aged 51 admitted to City Ho';pital April 28, 1913, 
siiffeiing from piilmonaiy tuberculosis, and pleuiisy with effusion on the right 
side He had a sueie cold m the u inter and in a short tune the visiting nurse 
said he had tiibciculosis lie i\as a veil de% eloped, well nomished man, weigh 
ing about ISo pounds, height about 5 feet, 11 inches No cyanosis Dyspnea 
present with phjsical signs of liquid in light pleural ca\ity The heait piesents 
nothing abnoinial Pulse full and icgulai The sputum contains tubercle bacilli 
Iilay 4, at 4 p m, 1,500 c c of sti aw -coloi cd fluid was icmoied from the right 
thoia\ Maximum tempera tine following admission 100 4 F at 4 p m. May 5 
The whole middle fingei and the second and third phalanges of the index finger 
of the left hand had been amputated for an injuij The blood-flow' in the hands 
was measured May C, 1913 Pulse (sitting) 100 Hands in bath at 2 46 p m, 
in caloiimeters at 2 57 and out of calonmeteis at 3 15 p m 


TABLE 18 — Calobi'meti'k INIrASunnAirNTs ix Ca&l or John B 





Room 




Room 

Time 

Right 

Left 

Temp , 

Time 

Right 

Left 

Temp , 




C 




C 

2 50% 

31 32 

31 27 


3 07 

31 68 

31 455 


2 58 

31 315 

31 25 

24 3 

3 08 

31 72 

31 485 


2 59 

31 33 

31205 


3 09 

31 78 

31 51 


3 00 

31 37 

31 28 


3 10 

31 81 

31 54 

24 0 

3 01 

31 40 

31 29 

24 4 

3 11 

31 86 

31 56 


3 02 

31 43 

31 315 


3 12 

31 90 

31 59 


3 03 

31 47 

31 34 

24 35 

3 13 

31 94 

31 64 

24 7 

3 04 

3152 

31 36 


3 14 

32 01 

31 67 


3 05 

31 57 

31 39 


3 15 

32 06 

31 72 


3 06 

31 62 

31 44 

24 2 

3 32 

31 84 

31 53 



Cooling of calorimeters in seventeen minutes R , 0 22 degrees, L , 0 19 degrees 
Volume of right hand m calorimeter, 564 cc, of left hand, 515 cc Rectal tern 
uerature 38 32 C Water equivalent of calorimeters and contents, R, 3 546, 
L, 3,507 Blood-pressure, left arm, systolic 106, 93 (sound began to dimmish 
but not suddenly) , 77 (sound gone) 


11 Heart, 1911, in, 40 
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The last case to he mentioned is that of Mrs K , a woman 68 years 
old in whom Di Carl A Hamann had ligated the innominate and light 
common carotid aiteries for anenrysm of the subclavian 

Mrs K , aged 08 Tlie innominate and light common carotid arteiies weie 
tied at Chanty Hospital by Di Cail Hamann on Feb 26, 1913, foi aneurj'sm 
of the subclavian aiteiy Wiiing of the sac had previously been tried without 
effect March 20, 1913, the blood flow uas compaied in the two hands No 
pulse could be felt in the light wiist or ovei the right biachial She said the 
light hand got cold if left uncoveied with bed-clothes When hung doivn the 
veins filled i\ell, as well as in the left hand She said she felt the blood going 
down into the right band when she hung it down On being emptied by strip- 
ping, the veins on the back of the right hand filled from below slowly The 
light hand could execute all movements, but uas weak She spoke of the loss 
of powei in it Theie was some paiesthesia (pins and needles and numbness) 
in the light hand, but this she had liefoie the opeiation and it had not been 
intensified since The nails on the light hand weie getting clubbed She noticed 
that they neie getting “like those of a man” The change in the nails was pres- 
ent befoie the opeiation, but was now nioie maiked First examination of the 
blood flow in the hands IMaich 20, 1913 Hands in bath at 1 501/2 p m , in 
calorimeteis at 2 00 and out of caloiimeteis at 2 13 Mouth temperatuie 37 0 


TABLE 19 — CALORiwcrEic Measurements in Case of Mrs K 


Time 

Right 

Left 

Room 
lemp , 

C 

Time 

Right 

Left 

Room 
lemp , 

C 

1 59 


30 05 

20 2 

2 08 

30 675 

30 70 


2 02 


30 02 


2 09 

30 07 

30 72 

20 7 

2 03 


30 04 

26 5 

2 10 

30 07 

30 75 


2 04 

30 07 

30 05 


2 11 

30 675 

30 78 


2 05 

30'07 

30 00 


2 12 

30 075 

30 795 


2 06 

30 67 

30 07 

20 7 

2 13 

30 085 

30 82 


2 07 

30 075 

30 69 


2 23 

30 02 

30 74 



Cooling of calorimeters in ten minutes R , 0 07 degiees, L, 0 08 degrees 
Volume of light hand, 378 cc, of left hand 360 cc Repeated the volume 
measurement wnth the same lesults The light hand was not swmllen Pulse 
(sitting) 124 Watei equivalent of caloiimeteis with contents, R , 3,397, L , 3 383 

Second examination March 21, 1913 The weather was decidedly colder than 
on the previous day Pulse (sitting) 100 Mouth temperature 36 5 C Hands in 
bath at 2 52 p m , in caloiimeters at 3 02 p m, and out of calorimeters at 
3 25 p m At 3 18 the left hand w^as put into water at 43 C 

The hlood-flows at the first examination work out at 1 60 grams per 
100 c c of hand per minute for the right hand and 5 32 giams for the 
left hand (for the last five minutes in the calorimeters) with room 
tempei ature 26 7 C The ratio between the flows m the two hands is 
1 3 54 At the second examination the flow was 1 83 grams per 100 c c 
per minute in the right hand, and 6 38 grams m the left, with room 
temperatuie 22 7 C , the ratio being 1 3 48, almost identically the same 
mtio as at the hist examination The increased flow in both hands is 
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tlieiefoie due to a central cause (better heart action, with a slower 
pulse Immersion of the left hand in warm water caused practically 
no change in the flow in the nght It is obvious that vasodilatation in 
the light hand could not be expected to materially affect the flow thiougb 
the narrow and diflicult collateral path The block does not lie in the 
peiipheial portions of the vascular path and cannot be removed by 
dilatation of peiipheial areas 

TABLE 20 — SncoxD Calometrxc Iest in Case of JIes K 


Time 

Right 

Left 

Room 
Temp , 

C 

lime 

Right 

Left 

Room 
Temp , 

C 

3 01 

V 

3100 

■PM 


3 

15 

30 925 

3108 

22 7 


30 93 

RISIikH 

22 7 

3 

16 

30 92 

31 10 



30 93 

30 92 


3 

17 

30 925 

31 125 

22 7 

3 05 

30 93 

30 925 

22 7 

3 

IS 

30 925 

31 15 



30 93 

30 925 


3 

19 

30 93 


22 9 

3 07 

30 93 

30 935 

22 75 

3 

20 

30 93 




30 93 

30 95 


3 

21 

30 93 


22 85 


30 93 

30 97 

22 75 

3 

22 

30 93 




30 93 

30 985 


3 

23 

30 925 


22 9 

3 11 

30 925 

30995 

22 7 

3 

24 

30 925 



3 12 

30 925 

31 01 


3 

26 

30 925 


22 8 

3 13 

30 925 

31 03 

22 6 

3 

40 

30 77 

30 89 


3 14 

30 925 

31 06 








Cooling of calorimeters R, 0 155 degrees in fifteen minutes, L , 0 2G degrees 
in trventy-trvo minutes Volume of right hand in calorimeter 369 c c , of left 
hand 342 cc Water equivalent of calorimeteis and contents, R, 3,390, L, 3,369 
Blood-pressure in left arm, systolic 136, 69 (sound gone) 


July 9, 1913, a third blood-flow examination was made The patient vas 
much improved and was doing all her own housenork The grip of the right 
hand was fair, though weaker than the left She had gained considerably m 
weight and her arms and hands weie distinctly more plump Theie was no 
pulse in the radial The veins on the back of the hand filled from below when 
emptied and much moie quickly than at the last examination She suffered a 
good deal from pain in the arm and shoulder A report fiom Dr Hamann, who 
saw her on June 24, 1913, is as follows 

“It IS altogether likely that there is piessure on the brachial plexus by the 
end of the clavicle (a portion of the clavicle was resected at the operation), 
the new formed hone (which can be distinctly felt) and the cicatiix, and removal 
of moie of the clavicle would most likely cure oi relieve her The aneurismal 
sac has been consolidated and but little trace of it can be felt There is no 
evidence of any intrathoracic aneurism ” 

The results of the third blood-flow examination are entirely favoiable 
to this view, for they show that any disability in the right hand was not 
now due to deficient circulation, and that the surgeon need not be 
deterred from operating, if an operation seemed desirable, by the fear 
that the symptoms might be dependent on a pool blood-flow 
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The flow m the light hand came out 8 26 giams per 100 cc per 
minute and in the left 10 69 grams, for a period of twenty-three minutes, 
with average room temperature 26 2 C , almost the same temperature as 
at the flrst examination The flow in both hands was considerably 
inci eased It must be remembered that not only was the patient much 
stronger tlian when examined before, but that instead of being brought 
from her bed for the observations, she had come several miles on the 
street car Her pulse was strong and at the rate of 104 per minute 
Both hands were larger than before (light 424 e c , left 385 c e ) 

The fact that the collateral circulation was much freer than before is 
particularly shown in the increase of the ratio of the flow in the two 
hands from 1 3 5 to 1 1 3 It is fully as well brought out by the result 
of the examination of the vasomotor reflexes Immersion of the left hand 
in cold water caused a great diminution in the flow in the right — for 
the flrst two minutes to 2 41 grams per 100 c e per minute Tor the next 
five minutes the flow was only 6,19 grams per 100 c c per minute, and 
then began to increase abruptly Eeflex vasoconstiiction, therefore, was 
capable of markedly altering the flow in the light hand The relative 
resistance of the smaller vessels of the anterior limb and of the collateral 
paths leading to it has accordingly changed, and the resistance in the 
latter does not now make up such a large proportion of the total resist- 
ance as before 

In early brachial neuritis it is usual to see a greater flow in the hand 
of the affected side than in that of the sound side (partial loss of vaso- 
constrictor tone) and the crossed vasomotor reflex to cold is intense Ifc 
IS possible that in this patient pait of the increase of the flow in the right 
hand since the last examination is due to this factor, and the good reflex 
vasoconstriction agrees with this 

SUMMARY 

The observations in this paper were partly undertaken as tests of the 
technic of the method and do not lend themselves to a complete summary 

1 In a man with healing burns on the hands the apparently great 
vascularity of the new tissue did not correspond to an abnormally great 
flow Certain phenomena interpreted as due to a peculiar vasomotor 
instability of the new vessels were observed in testing the vasomotor 
reflexes 

2 A relatively good flow in the feet was seen in a man with great anf> 
persistent edema of both legs m whom a diagnosis of Hodgkin’s disease 
was made This was interpreted as indicating obstruction rather on the 
lymph path than on the venous path 

3 Three cases of unilateral inflammation in the hand, one bacterial 
and two non-bacteiial (gout and a sprain) were compared The flow in 



TABLE 21 — Suj 


Case 

Age 

Date 

Pulse- 

Rate 

Blood 
Pressm o 

Temperature of 

Vol 

Pai 

Room 

Art 

Blood 

Caloi imetei s 

Rigl 

Right 

Left 

Steie S 

21 

4/ 5/12 

80 


25 0 

30 8 

30 14 

30 06 

32 






24 8 


30 59 








24 8 


30 80 



Flank P 

42 

8/ 1/12 

90 

114 80 

23 2 

37 45 

30 44 

30 40 

47 

Chailes B 

47 

11/27/12 

108 

155 95 

22 3 

36 75 

30 71 

30 73 

47 



11/29/12 

98 


22 5 

30 3 

31 33 

3148 

1,31 






23 0 

36 4 

30 82 

30 78 

48 

Chailes W 

42 

12/18/12 

92 


23 9 

37 3 

31 52 

31 01 

1,20 






23 6 

37 4 

31 61 

3157 

2,42 

Philip D 

47 

12/20/10 

08 


19 1 

37 0 

29 50 

29 56 

1,27 

Charles C 

36 

2/27/11 

no 


23 8 

37 8 

30 59 

29 87 

58 






23 6 


37 42 








23 0 


31 97 



Hariy S 

50 

4/ 3/12 



24 3 

37 1 

30 57 

30 29 

45 





24 5 


30 78 








24 3 


30 96 








24 1 


31 12 








24 0 


31 24 





7/ 9/12 

100 

111 86 

29 7 

37 45 

31 97 

3170 

53 






29 7 


32 56 








29 8 


33 00 



Martin B 

GO 

1/19/11 


151 0 

23 2 

37 38 

29 50 

29 59 

49( 

George S 

37 

2/ 2/11 

92 


22 2 

37 05 

29 78 

29 SO 

48' 

Miss M F 

34 

2/16/11 

110 


24 0 

37 0 

30 13 

29 72 

351 

M C 

22 

4/17/11 



24 4 

30 4 

30 27 

30 36 

47( 



5/ 8/11 



23 3 

36 7 

30 04 

30 03 

4S( 






23 2 


30 85 

30 71 




5/24/11 



26 9 

36 8 

31 05 

3104 

47( 






26 6 


31 03 

31 59 







26 5 


32 06 

32 02 







26 7 


32 60 

32 58 


Helen P 

21 

7/20/11 

bS 


20 0 

37 0 

30 76 

30 64 

282 






26 1 



30 87 







26 1 



31 06 


Mane G 

15 

7/20/11 

88 


20 3 

37 3 

30 28 

30 26 

260 






20 3 



30 45 







26 3 



30 6 


Jolin B 

51 

5/ 6/13 

100 

106(93)77 

24 4 

37 8 

31 82 

31 56 

504 

Mrs K 

68 

3/20/13 

124 

26 7 

37 0 

30 68 

30 74 

378 



3/21/13 

100 

136 69 

26 0 


3068 

30 72 

369 



7/ 9/13 

104 


22 7 

36 5 

30 93 

31 05 





26 2 

37 0 

31 89 

32 03 

424 






20 2 


32 39 








26 4 


32 50 




“ Allowing 300 c c foi edema fluid in each foot the flow would he 3 04 for the light s 

t Allowing for the piobable amount of edema fluid these flows -would be 13 05, 121 

t Allowing for edema fluid these flows wmuld be 7 47, 5 06, 10 73, 6 90, and 416 

§ Allowing for edema fluid these flows would be 13 27, 8 47, and 12 82 

^ Allowing for edema fluid, 5 4 















Tiiu Author’s Cases 


Heat Given Off in 
Giam Calories 

Blood-Flow in 
Gin Pei Min 

Flow pel 100 c c 
ol Pait pel Mm 

Notes 

Right 

Left 

In 

Mm 

Right 

Loft 

Right 

Left 

1 242 


9 

23 09 

18 50 

7 04 

5 44 

Burned hands, right woise 

2,283 


12 

34 04 


10 38 


Left hand in watei at 40 C 

C21 



14 52 


4 42 


Left hand in watei at 10 C 

2 537 

2,848 


22 34 

25 15 

4 69 

5 31 

Tumoi of right foieaim 

506 

556 


5 15 

5 70 

1 08 

1 19 

Hands 

Hodgkin’s disease 

3,030 

3,139 


20' 79 

32 89 

2 34 ‘ 

2 50$ 

Feet 

with edema of 

1 159 

1,282 


13 57 

14 90 

2 82 

3 22 

Hands 

legs and feet 

1 183 

974 

10 

22 76 

17 20 

1 89 

1 50 

Feet ^ 

Tiophic distui bailee 

486 

470 

9 

51 62 

47 03 

10 02 

10 00 

Hands 

’ in left leg 

385 

375 

7 

27 14 

27 80 

7 05 

7 41 

Right aim shoitei than left 

4,041 

1,580 

9 

69 19 

24 61 

11 93t 

4 92 

Infected light hand 

2,600 



04 67 


1115T 


Left hand in watei at 9 2 C 

1 845 



70- 33 


12 12t 


Left hand in watei at 4 3 0 

1061 

684 

9 

31 40 

12 60 

6 88$ 

3 07 

Gout, right hand 

242 



21 27 


4 66$ 


Left hand in watei at 4 3 C 

1,245 



45 06 


9 88$ 


Left hand still in watei at 4 3 C 

312 



28 98 


0 35$ 


Left hand in watei at 8 C 

554 


6 

17 50 


3 84$ 


Left hand still in water at 8 C 

3,096 

1,899 

11 

57 06 

33 36 

10 76§ 

8 13 

Right hand woise than hetoie 

1,443 


9 

30 43 


6 87§ 


Left hand 

in w'atei at 8 3 C 

1,988 


9 

55 15 


10 40§ 


Left hand in watei at 42 8 C 

700 

2,180 

12 

8 20 

25 87 

1 7 

5 20 

Spiain of left hand 

710 

710 

mm 

15 52 

15 54 

3 18 

3 40 

Inflamed light elbow 

1 690 

1,903 


17 08 

18 10 

4 81 

4 7811 

Edema of left hand 

2,118 

2,244 

wsm 

29 54 

31 76 

6 25 


Aftei bandaging left hand 

3,380 

2,950 

9 

62 48 

54 60 

12 86 

11 61 

Aftei bandaging left aim 

3,066 

2,499 

9 

60 70 

51 53 

13 31 


Second peiiod 

2,187 

1,972 

mm 

84 51 

76 09 

17 98 

16 65 



1,701 

1,695 


73 11 

72 31 

15 55 

15 82 

Aftei putting band on light aim 

1,631 

1,663 

Wm 

63 73 

63 07 

13 50 

13 93 

Band still on light aim 

2,430 

2,348 


71 43 


15 20 

14 84 

After lemoving hand 

1262 

1,016 


25 02 

20 28 

9 08 

8 81 

Left hand smallei than right 


852 

8 


17 59 


7 51 

Right hand in watei at 8 3 C 


787 

8 


16 71 


7 26 

Right hand in watei at 4 3 C 

979 

711 

10 

15 5 

11 22 

5 96 

6 6 

Congenital defect of left hand 


■Sll 

13 


12 90 


7 59 

Right hand in -watei at 42 8 C 


■isi 

8 


8 04 


4 73 

Right hand in w'atei at 13 C 

2,188 

1 1,547 

10 

40 65 

27 54 

7 20 

5 34 

Left hand paitially amputated 

162 


5 

5 69 

19 16 

1 50 

5 32 

Aftei ligation of innominate 

278 

967 

11 

4 44 

15 23 

1 12 

5 32 

Last five 

minutes in caloiimeter 

373 

1,179 

11 

6 76 

21 85 

1 83 

4 23 

Whole peiiod in calorimeters 

37? 08 

4,230 

23 

35 05 

41 17 

8 26 

6 38 



S5 


2 

10 24 


2 41 

10 69 

Left hand in -watei at 10 5 C 

532 


5 

26 27 


6 19 


Left hand still in wmter at 10 5 C 


foi the left 
13 27 
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the infected hand was increased, while in the normal hand it was 
diminished In the case of gout, while the flow in the inflamed hand was 
gi eater than in the normal hand the difference was much less than in the 
case of infection The contialateral vasoconstiictor reflexes from the 
normal to the inflamed hand were veiy slight in the case of the infected 
hand, of noimal intensity in the case of gout It is suggested that this 
indicates the existence of a relative vasoconstrictor block in bacterial 
inflammation in the inteiests of a permanently large flow of blood to 
combat the infection 

4 Tempoiary anemia of the hand (produced by bandaging) was 
followed by a model ate increase in the flow in a normal man 

5 In cases of congenital differences or differences originatmg in earlj 
life between the two hands, the blood-flow in the defective hand corre- 
sponded to its functional condition, being of normal magnitude when the 
power of the hand was good 

6 In a case in which some of the fingers of one hand had been lost 
by amputation, the flow pei unit of volume was distmctly less in the 
defective than in the intact hand Tins is mainly because the surface of 
the fingers is, in proportion to their bulk, so much greater than that of 
the rest of the hand It is foi the same reason that the flow pei unit of 
volume IS much gieatei in the distal half of the normal hand than in the 
hand as a whole 

7 In a case in which the innominate and the light common caiotid 
ai tones had been ligated one month previously, the flow in the right hand 
was two-sevenths of that in tlie left, although no pulse could be felt in 
the radial Sixteen weeks latei the ratio had risen to 1 1 3, the flow 
fn the left hand being noimal in amount 



BLOOD TEAL^SFDSIOK AND EEGENERATION IN 
PEENIGIOUS ANEMIA' 

KARL M VOGEL, MD, and U P McCURDY, MD 

NEW YOEK 

A feature of mueli interest in the observation of cases of pernicious 
anemia is the behavior of the reticulated cells In six eases of pernicious 
anemia, four of them treated by transfusion, which are here reported^ 
this element of the blood-picture ivas studied with special care, and from 
these as well as from earliei cases of transfusion done in St Luke’s 
Hospital, certain conclusions are drawn in regard to the value of vital 
staining in cases of severe anemia, and concerning the subject of trans- 
fusion in general 

Evei since the discovery of the fact that by treating fresh, unfixed 
blood with solutions of various dyes, such as brilliant cresyl blue, poly- 
chrome methylene blue, neutral led, pyronin methylene green, etc, a 
cuiious and otherwise invisible structure could be demonstrated in the 
red cells, there has been much speculation as to its significance Ehrlich, 
Pappenheim and Horsley were among the first to describe the phenom- 
enon, but neaily all the subsequent studies have come from French and 
Italian laboratories (Hertz,^ Ferrata and BosellP) In suitably treated 
pieparations this so-called granulo-filamentous or reticulo-filamentous 
substance appears m the form of coarse granular particles which are 
sometimes discrete, but more often occui in threads which frequently are 
woven into skeins oi wreaths of great complexity and fill a considerable 
portion of the cells In the blood of infants these reticulations are found 
in from 5 to 10 pei cent of the erythiocytcs and in normal adult blood 
in from 0 5 to 2 per cent In severe anemias, however, their number is 
much increased, running as high as 18 to 20 per cent , while in hemo- 
lytic jaundice, which is the condition par excellence for their prevalence, 
they may occur in still greater proportions 

Without taking the space at this time to enter into a discussion of 
the arguments pro and con of the various writers who have studied the 
matter, we may summarize briefly the views to which our own observa- 
tions and a consideration of the literature have led us, by saying that 
the granulo-filamentous substance is not derived from the nucleus, is 

* Submitted for publication July 21, 1913 

* Prom the Pathological Department of St Luke’s Hospital, New York, Dr 
P C Wood, Director 

1 Hertz Polia haematol , Arch , 1910, x, 419 

2 Perrata and Boselli Folia haematol , Arch , 1910, x, 451 
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di{!erent fiom polyclnomatophilia and fiom the basophilic stippling seen 
m fixed piepaiations stained with panchromatic dyes is not a piefoimed 
stinct-are, but is a precipitation pioduct of the stain, and is an evidence 
of youth in the cells and not of degeneration In conditions in which a 
seveie dram on the eiythroeytes is being sustained by a well-funetion- 
atmg bone-maiiow, large numbeis of letienlated cells are found, ivheieas 
in aplastic cases they may he diminished almost to the point of absence 
that IS, in a mannei somewhat compaiable to the behavior of the eiythio- 
blasts the reticulated cells afCoid a diiect insight into the hematopoietic 
activities of the bone-man ow Foi clinical puiposes they foim a moie 
^convenient measuie of tins function than do the nucleated cells as then 
peicentage lelations to the eiythioc 3 'tes can be moie easity and aceuiately 
deteimined, and then cnumeiation is to be niged as a pait of the study 
of the blood m all cases of seieie anemia The lelationship between 
the piesence of the leticulated cells in the peiipheral blood and the 
hemopoietic aetinty of the maiiow was well illiistiated in the ca«e of a 
young man suffeiing fiom puipuia hemoirhagica seen since the above 
was wiitten In spite of thiee transfusions of about 100 cc, each done 
by diiect intiavenous injection, the led cells rapidly became reduced to 
1,500,000 hemoglobin 25 pei cent, nhile the leukocytes weie 2 800, 
polynueleai s 12 pei cent and lymphocytes 88 per cent death resulting 
within two weeks of the onset of the symptoms A highly significant 
feature was the total absence of leticulated cells, showing the complete 
inability of the bone-man ow to lespond to stimulation 
The following technic for vital staining may be used 


TECHNIC EOR VITAL STAINING 

Satuiate 0 85 per cent salt solution with biilhant cresyl blue Filtei this 
through a double papei to take out the excess of dye substance and to prevent 
precipitation on the slide It is better to centiifugalize the stain befoie using it, 
in order to be sure that no rrndissolved particles remain in suspension If any 
precipitate is present in the stain it will later he thioivn down on centiifiigalmng 
the mixed blood and stain and will cause confusion in counting the reticulated 
cells 

The following should be freshly prepared hefoie use 


Sitiuated solution of biilliant ciesil Wue in OSS pei cent salt 
solution 

Salt solution, 0 85 pei cent ‘‘9 rr 

Sodium oxalate solution, 2 pei cent , 

Add the oxalate to the salt solution, then mix with the stain ano 
Alter 

Puiictiiie the fingei so as to get a fiee flow of blood, draw a good sized diop 
into a red cell counting pipet, and using the stain as a diluent fill the 1 u in^ 
chamber After thorough mixing, allow this to stand foi ten minutes, , 

the contents of the mixing chamhei into a centrifuge tube and cen 11 
Diaw off the staining fluid with a capillary pipet, until onlj the se imen ° 
remains Draw the cells from the bottom of the centrifuge tube into a capiua y 
pipet, then place a drop of these cells on the end of a clean s ^ ® ‘ 

slightly warmed in a flame, and spiead as in making ordinary hHsam or 

preparation will remain permanent indefinitely if mounted in ne . 
damar and not exposed to strong daylight 
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In counting the cells the use of an Ehrlich eyepiece is of gieat assistance A 
satisfactory substitute may be improvised, however, by cutting a hole about 8 mm 
square in a disk of blackened cardboard and diopping this disk over the diaphragm 
of the ordinary eyepiece 

111 the following cases of pernicious anemia, systematic determinations 
of the leticnlated cells were made m connection with the study of the 
blood-pictuie by the usual methods, and as will be seen from the charts 
and tlie remaiks in the clinical histones, an mteiesting relationship can 
be denied between the fluctuations of the led blood-cells and the curve 
of the leticulated cells 

The detailed histones of the cases are as follows 

EEPOET OF CASES 

Case 1 — Eistoiy — M M, a school teacher, aged 45 was admitted to the serv- 
ice of Dr H S Patteison, Kov 11, 1912 The chief complaints of the patient on 
admission weie a feeling of weakness, dyspnea, palpitation of the heart and vom- 
iting About Jan 1, 1912, she first noticed a feeling of languor and loss of appe- 
tite In a short time the coloi of her skin and eyes alarmed hei and she consulted 
a physician who treated her for “j^mndice and weak kidneys ” She was put to bed 
in Febiuary and lemained theie until Apiil For about a month she felt well and 
strong In May she had palpitation of the heart on the least excitement and 
suffered from attacks of veitigo and morning headaches Occasionally she had 
morning vomiting Fiom June to Septembei she suffeied fiom iriegulai short 
peiiods of colitis She had been in bed) for three months prioi to admission, the 
most pi eminent symptoms being weakness, vomiting and anorexia 

Examination — The patient is pooily nourished and acutely ill Hei complex- 
ion IS pale and of a lemon-yellow tint The sclerae have an icteroid tinge The 
teeth and mouth aie in good condition The lungs aie cleai, the lieait is of noi- 
mal outline, the sounds aie of good quality and are regular There is a booming 
systolic murmur all over the piecoidium, which is loudest at the apex There is 
no accentuation of the pulmonic or aortic sounds The knee-3 erks are absent 
The blood-picture on admission shows red blood cells 1,160,000 , hemoglobin, 22 
per cent , white blood cells, 5,000, polymoiphonuclear leukocytes, 75 per cent , 
lympliocj tes, 25 pei cent The erytlirocjdes show marked poikilocytosis, anisocy- 
tosis, polychromatoplulia and an occasional normoblast, but no niegaloblasts The 
icticulated erythrocytes aie only 0 5 pei cent of the total, showing that no 
active regeneiation is going on The Wasseimann leaction is negative The 
analysis of the stomach contents after a test meal shows absence of fi ee hj'^di o- 
chloric acid and a very low total aciditj 

Foi two weeks the patient continued to giow worse, and the cell count fell 
1 apidly 

Tieatment and Couise — December 5 hei condition ivas so piecarious that 
an immediate transfusion was decided on A count made a few houis piior to 
the tiansfusion showed that the reticulated erythrocytes had risen to 8 2 pel 
cent, and that there uas an attempt on the pait of the bone-maiiow to pioduce 
new cells The ma30iity of the reticulated cells were macrocytes The patient 
1 ecen ed only a small amount of blood at the time of transfusion, as the accom- 
panying counts show After lemaining foi from four to five days in a semi- 
comatose condition, she began to improve rapidly About a week after the trans- 
fusion sodium cacodylate giains % daily subcutaneously was started The rapid 
improvement which followed the transfusion seems to imply that the stimulating 
influence of the presence of the donor’s blood was sufficient to arouse the patient’s 
mairow into lenew'ed activity It also suggests that since wuth the small amount 
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of blood given in this case a favorable result was obtained, transfusion of a large 
amount of blood is by no means always necessary The patient has impro\ed 
sleadily up to date Although the blood-picture has returned practically to normal, 
the gastric achylia is still as pronounced as at first It was subsequently learned 
that about six weeks after leaMng the hospital this patient undeiwent a relapse 
She was transfused twice moi e, but with little benefit, and early in July she died 
A very interesting point is the sharp rise in the percentage of the reticulated cells 
preceding the rise in the erythrocyte count and the gradual fall of the percentage 
of the same cells as the total erythrocj’tc count became higher As seen by Chart 1, 
the reticulated cells giaduallj fall to the percentage found in normal blood as the 
total count appi caches its maximum 


7 Tefal 
ZZ V QC. 


ZO ^OOOCIO ' t> ^ 



of reticulated cells 


Case 2 — History — L a housewife aged 52, was admitted to the service of 
Dr S W Lambert, Dec 12, 1912 Up to the time of the onset of the prese 
illness the patient says she has been in perfect health In February, ^ 
short period of failing appetite, her attention was attracted to I 

skm md the yellowish tinge o£ her ejee During the weeks M'""® » f 
sense of lassitude developed, and with it attacks of vomiting, at irr ^ e 
vals During the last six months she had noticed that the 
she 18 quiet in bed than when up and about her work In April she w 
for «nth for “nervous prostration » Subsequent to the ^ 

resume her household duties with little physical di^om o 

breath and occasionaly numbness of the hands lost 37 

Sion her weakness forced her to give up all work an g ^ “without a pain 

pounds during the last year The patient comes into the hospita 

or an ache, but feeling miserably weak looks chronically 

Examination — ^The patient is pale, appears larger than the right 

Her sclerue are “"“a afe Tplr “oSeu. wrtlr ureuy 

uussrng The luugs are clear The ’loudeet af the eper 

svsiolic murmur, which can he heard all over the precoraiu , 
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and pulmonic aieas, and transmitted to the hack and axilla The analysis of the 
fasting stomach contents and also that of the test-meal shows achylia The 
Wasseimann reaction is doubtfully negative The blood-pictuie is one of typical 
pernicious anemia The morphology of the red cells shows poikilocytosis, anisocy- 
tosis, polychromatopliilia and an occasional megaloblast and noimoblast The 
color index is 1 3 

Treatment and Gouise — The patient could not be induced to take 
sufficient nourishment^ declined steadily, and December 26 was tiansfused 
The transfusion was very successful, both as regards the patient’s imme- 
diate condition and the microscopical findings The value of the micioscope 
as a contiol in the operating-room during transfusion was demonstrated in this 
case At the end of fifty minutes, when the surgeon was satisfied that the patient 
had received a large amount of blood, a red cell count and hemoglobin determina- 
tion shOAved that the amount received was almost negligible A new anastomosis 
was made and in forty minutes the patient received a quantity sufficient to raise 
the total cell-count 1,000,000 per cubic centimeter Foi a few days the patient 
was appreciably brighter, but the improvement was not long continued For a 
month the total cell-count varied little The vital staining of the erythrocytes 
showed plainly the piesence of the donor’s cells in the smeais, for from the fiist 

^ Tot^t 

14 Kbc, 

12 z^'-ooocc 


10 ZCieooo 



Cliai t 2 — Blood-findings in Case 2 


these did not take the stain as ivell as those of the recipient From day to day 
they could be seen to have lost their hemoglobin to a greater and greater degree 
After about two weeks they existed as shadow outlines of the original cells At the 
end of three weeks a considerable number of these shadow cells were still present 
There ivas no active regeneration on the part of the patient’s marrow as far as 
could be determined by the blood-pictuie The letieulated cells never reached 
more than 3 per cent of the total (Chart 2) and megaloblasts and normoblasts 
weie larely seen January 30 a second transfusion ivas done While this time 
only one-half as many cells were given, the patient seemed toxic from immediately 
after the opeiation to the time of her death one iveek later 

Case 3 — History — ^Dr D , a Cuban physician aged 58, was admitted to the 
service of Dr AW Hollis In 1898 the patient was “executed” shortly before 
the beginning of the Spanish- American War One bullet pierced the right shoulder 
and another passed through the body just above the trochanteis as he fell He 
was left for dead, but Avas later taken to the hospital in Havana, where he 
received treatment Since that time he has had occasional attacks of diarrhea 
During the last five years he has suffered from colitis, at irregular intervals and 
for periods of five to ten days, but has never regarded these as serious Two 
years ago he was told that he had severe anemia He Avas not incapacitated for 
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woik, but duiing the last few months has lost much strength and weight Foi 
the last tA\o months the attacks of colitis have lecurred with increasing’ fre- 
quency until the last two weeks, since \Ahen he has had fiom eight to ten stools a 
day, accompanied hy much tenesmus He vomits ficquontly and has morning head 
aches His tendency to dyspnea and veiligo have necessitated his remaining in 
bed for the last Hao weeks 

Exammaiion — Ihe patient is pooilj nouiishcd and shows signs of emaciation 
The scleiae aie ■\ellow, the skin is pigmented Ihe mouth and teetli aie in good 
condition Ihe lungs aie deal llie heait is not eiilaiged, the sounds are Aveak 
and no muimuis aie piesent fhe abdomen sIioaas general tenderness, especially 
ovei the legion of the colon The Wassermann leactioii is negatn^e, as is the 
hlood-cultuie The stomach contents shoAV Ioav fiec hjdiochloiic acid and Ioav 
total acidity The stools examined on scAcial occasions alAAajs gn^e positive tests 
foi flee blood Ho paiasites oi o\'a aie found 

Ti raiment and Coitise — On admission the patient i\as acutely ill and much 
emaciated fioni his colitis The colitis could not he checked after about three 
AAecks’ time, the lAcakness and leitigo Aieic still piominent sjmptoins and tians 
fusion AAas decided on 

Totj-l I 

7 Ubc, 




Chaits 3, 4, 5 and G — Blood findings in Cases 3, 4, 5 and 0 

An aiteiy to vein anastomosis Aias made and the blood alloAied to floAV for 
foityfiA^e iiiiiiutes Ihe total cell count in the lecipient Aiaas incieased fioni 

1.200.000 to 3 000, GOO eiythiocytes pei cubic millimetei Tlie blood pictuie 
befoie the tiansfusion had shOAvn extieme poikilocAtosis, anisocytosis, poly- 
chiomatophilia and stippling of the eiythiocvtes Ihe immediate eflect of the 
tiansfusion AA'as apparent in the subsidence of the patient’s s’^mptoms Avith the 
exception of the colitis This increased in seventy foi thiee or four days and then 
AAas checked Much improvement folloAved for a month, the patient keeping the 
donoi’s cells and regenerating his oAvn rapidly enough to keep the cell count over 

2.500.000 Hie “shadoAV cells” of the donor persisted foi about tliiee Aveeks in the 
blood picture The reticulated erythrocytes neimi amounted to OA'ei 6 per cent of 
thei total count (Chart 3) March 5 the patient on his OAvn initiative Avas given 
sah'arsan iiitraA^enously The colitis at once again became severe, but in spite o 
this there Avas temporarily sufficient improvement to permit the patient to 

his bed He insisted on a second dose of the salvarsan, but immediately after t is 
the cell count dropped and death folloAA^ed in five days 

Case 4 — E'lsto'iy — K L , a German liouseiAufe, aged 46, admitted to the serA^ 
lee of Di S W Lambert May 2, 1913 The patient complains of Aveakness and 
hemorrhage on entering the hospital Her family and past histones are nega 
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tne She dates the onset of her present illness fiom the time about two yeais 
ago, when she suffered; from “fevei and chills” for seveial weeks Since then she 
thinks that she has been losing weight and has gradually become weaker About 
two months ago, at hei legular menstrual period, the patient had a hemorihage, 
during which she thinks she lost a large amount of blood One month ago she 
discoveied that she Mas unable to climb the stairs to her apaitment because of 
iveakness, shoitness of breath and palpitation of the heart Duiing the last two 
weeks she has had tliiee attacks of nosebleed Six w’eeks ago the patient took 
some medicine w'hich upset hei stomach, and she has vomited almost daily since 
She has numbness of the hands and feet She is sure that she has lost 25 pounds 
in weight in the last yeai 

Exammation — ^The patient is a poorly nourished woman of middle life, who 
appears chionically ill Her skin is of a deep lemon color and the mucous mem- 
bianes aie very pale She is weak and piostrated The scleiae have a slight 
icteioid tint The mouth is in poor condition, containing many caiious teeth 
Tlie tongue is moist and heavily coated The lungs are cleai The heart is nor- 
mal in outline The sounds at the apev are legular and of fan muscular quality 
The first sound is accompanied by a loud blowung systolic muimui, heaid all over 
the piecordium and tiansmitted to the avilla The pulse suggests the Coiiigan 
type The patient’s Wasseimann is doubtfully positive and liei blood-culture is 
negative Ho gastric analysis was made because of her inability to retain food 

Tieaiment and Course — Although theie Avas no apparent change in the blood- 
pictuie duiing the flist Aveek of the patient’s stay in the hospital, she greAv lapidl-^ 
AA'eakei because of the inability to retain food Over two-thiids of the nutrient 
enemata AA^eie expelled soon after they AA'eie giA’^en Slay 10 she was tiansfused, 
the total cell-count aftei tiansfusion w'as 900,000 pei cubic millimeter more than 
befoie Before the transfusion the blood-pictuie had been one of actiAe regeneia- 
tion The reticulated eiythiocytes vaiied from 10 to 14 per cent (Chart 4), and 
togethei Avith the pi esence of many normoblasts and megaloblasts sIioaa ed that the 
bone-man OAV Avas still actiA^ely functioning The effects of the transfusion Aveie 
transient The folloAving day found her in a stuporous condition, fiom Avhich she 
did not rally On May 10 she went into deliiium, which aa^us folloAved by coma 
and death in a feAv hours As in the other cases the cells of the donor could after 
tAAm 01 three days he distinguished from those of the recipient, and they persisted 
up to the time of the patient’s death In this instance the patient leceived AAhat 
may liaA'e been an OAeiAAdielmingly large dose of blood, and it is possible that a 
smallei tiansfusion might liaA’^e been more adAantageous 

Case 5 — Eistoi y — ^hlrs L S , a Swuss housewife, aged 42, admitted to the 
seivice of Dr S W Lambert Apiil 16, 1913 gwes as her chief complaints general 
Aveakness and epistaxis Eight years ago she was in the hospital complaining of 
a “goiter ” After a few Aveeks in bed she Avas tieated fiom the outpatient depart- 
ment of the hospital Avith “injections ” She says that she then had “nerA'Ousness 
and a fluttering heait” These symptoms giadually disappeared and she AAas AA*ell 
until Apiil, 1909 At that time she Avas treated in the hospital for pernicious 
anemia and Avas discharged with the diagnosis pernicious anemia, acute thy- 
loidism, chionic endocarditis She AAas in the Aiaids again in May, 1910 and 
Apiil, 1911 Foui Aveeks ago she Avas taken suddenly with a chill and feiei The 
doctor told her that she had “grip ” When she attempted the resumption of her 
liouseAvork she found she did not haA'e enough strength Her face became puffv 
and her feet began to sw'ell She has been out of bed but one day since, and 
thinks that she has lost 12 pounds in the last month The shoitness of breath 
and palpitation of the heart haA^e been giOAVing AAorse She has had seA^eial 
seAere nose-bleeds in the last few days 

ExaminaUon — ^The patient is a fairly nourished woman who appears chronic- 
ally ill The skin has an icteroid tint, and the face is slightly edematous The 
scleiae aie bluish-velloAv Tlie teeth are carious and the mouth pooily kept The 
lungs are clear The outline of the heart is normal Tvpical signs of mitral 



Blood Counts or Six Patients with Pernicious Anemia 


Date 

Erythiocytes 

Hemoglobin 

y 

a 

p: 

M 

o 

'o 

a 

Leukocytes 

Diffeiential Count 

Eetic Eryth 

Per Cent 

Fi agility 

Coag Time* 

Hemolysis 

Began 

Per Cent 

Complete 
Per Cent 

P 

H 

Eo 

Ba 

M 

11/11/12 

1,160,000 

22 

0 95 

6,000 

75 

25 




05 

0 40 

0 34 

2' 20" 

11/18/12 

1,200,000 

20 

0 83 

4,600 

83 

16 

1 



10 



2' 15" 

11/25/12 

1,100,000 

20 

0 90 

4,000 

78 

20 

1 

1 






12/ 2/12 

800,000 

20 

1 2 

3,000 

80 

19 

1 



30 




12/ 4/12 

800,000 

20 

12 







82 




12/ 5/12t 

400,000 

12 

1 5 







60 





600,000 

12 

12 











12/ 6/12 

500,000 

15 

1 5 

3,000 

78 

20 

1 

1 


70 




12/13/12 

480,000 

15 

1 5 

6,000 

60 

40 




82 




12/17/12 

1,000,000 

20 

1 0 

3,000 

65 

33 

1 


1 

80 




12/23/12 

1,100,000 

35 

16 

5,000 

82 

18 




18 0 




12/28/12 

1,600,000 

45 

1 4 







21 0 




12/31/12 

2,100,000 

50 

12 

6,000 

70 

29 


1 


20 0 




1/ 6/13 

2,400,000 

50 

10 







11 0 




1/11/13 

2,800,000 

60 

09 

6,200 

68 

31 

1 



80 




1/15/13 

2,900,000 

65 

1 1 







40 




1/16/13 

2,800,000 

65 

1 1 







30 




1/20/13 

3,000,000 

65 

1 0 







40 




1/27/13 

3,100 000 

67 

1 0 

6,000 

74 

26 

1 



25 




2/ 3/13 

3,200,000 

67 

1 0 







30 




2/10/13 

3,400,000 

70 

1 0 

7,200 

70 

28 

2 







2/17/13 

3,500 000 

70 

10 







17 




2/24/13 

3,200,000 

72 

11 

6,800 

57 

43 








3/ 3/13 

3,400,000 

76 

1 1 

4,600 

62 

37 

1 



40 




3/10/13 

3,700,000 

77 

1 0 











3/17/13 

3,800,000 

77 

1 0 











3/24/13 

3,700,000 

80 

1 0 

5,000 

67 

31 

1 

1 


18 




3/31/13 

3,500,000 

77 

1 1 











4/ 6/13 

3,200,000 

75 

1 1 







35 




4/13/13 

3,500,000 









21 




12/14/12 

1,900,000 

50 

1 3 

4,800 

75 

23 

1 

1 


60 

0 42 

0 38 

2' 26" 

12/26/12t 

700,000 

25 

16 

3,600 

68 

32 




20 





1,700,000 

45 

1 2 







08 




12/27/12 

1,800,000 

40 

1 1 

2,200 

58 

40 

1 


1 

0 25 



10/ 

12/30/12 

1,600,000 

32 

1 0 







0 28 




1/ 1/13 

1,500,000 

30 

1 0 

3,000 










1/ 3/13 

1,500,000 

35 

1 1 

3,500 

76 

23 

1 



0 76 




1/ 6/13 

1,300,000 

35 

1 3 











1/ 8/13 

1,400,000 

35 

1 2 







3 0 




1/10/13 

1,500,000 

35 

1 1 







1 0 




1/13/13 

1,600,000 

32 

1 0 

3,600 

72 

28 




0 8 




1/20/13 

1,100,000 

22 

1 0 







0 37 




1/24/13 

800,000 

20 

1 2 

2,300 

33 

64 

2 

1 


0 25 




l/30/13t 

700,000 

18 

1 3 







0 45 





1,200,000 

20 

0 83 







2 0 




2/ 5/13 

1,000,000 

20 

1 0 

3,600 

42 

57 

1 



0 5 




2/ 7/13 

320,000 

15 

23 

1,100 

31 

67 


1 

1 

0 26 



— 


By tlie Dale and Laidlaw method (Jour Path and Bacteriol , 1912, xvi, 351 ) 
T Transfusion t Salvarsan 


















Blood-Cotots of Six Patients with Pebxicious Anehia — (Continued) 


Case 

Date 

Eiytluocytes 

[Tcmoglobin 

Coloi Index 

Leukocytes 

Differential Count 

Betic Eiyth 

Pei Cent 

Fragility 

Hemolysis 

O 

a 

H 

bo 

a 

o 

O 

Began 

Per Cent 

Complete 
Pei Cent 

P 

■ 

Eo 

Ba 

M 

3 

1/14/13 

1,380,000 

35 

m 

3,300 

58 

42 




23 



2' 20" 


1/20/13 

1,480,000 

35 

1 2 

6,300 

69 

31 




50 





1/27/13 

1,800,000 

40 

11 

4,900 

59 

40 

1 



33 





2/ 3/13 

1,280,000 

40 

16 

3,600 

46 

52 

1 

1 


16 





2/ 4/13 T 

1,200,000 

35 

14 







09 






3,000,000 

60 

■ml 

3,800 

48 

52 




1 0 





2/ 7/13 

3,100,000 

60 


3,600 

52 

46 

1 


1 

35 





2/10/13 

3,200,000 

65 

BIqI 







40 





2/18/13 

1,600,000 

48 

15 

6,000 

64 

33 

3 








2/25/13 

2,000,000 

60 

15 







50 





3/ 3/13 

2 900,000 

70 

1 2 

4,500 

62 

37 

1 



60 





3/ 5/13± 

2,800,000 

70 

1 2 







50 





3/11/13 

3,000,000 

75 

12 







20 





3/19/13 

2,120,000 

55 

■a 

4,600 

68 

32 




10 





3/24/131 

2,400,000 

60 

12 







0 76 



3' 15" 


3/29/13 

890,000 

25 

13 

1,300 

28 

68 

4 



f 




4 

4/ 2/13 

1,000,000 

20 

09 

10,000 

48 

50 

2 



14 0 





4/ 6/13 

900,000 

25 


5,000 

50 

47 

3 



10 0 





4/ 8/13 

900,000 

25 

BM 

9,000 

65 

35 




12 0 





4/10/13 T 

800,000 

25 

1 9 













1,700,000 

35 

09 

4,800 

62 

34 

3 

1 


60 





4/13/13 

2,400,000 

50 

09 

4,500 

58 

41 




50 





4/15/13 

2,000,000 

40 

09 












4/19/13 

1,900,000 

45 

1 0 

3,200 

46 

52 


1 


2 1 

‘ 



5 

4/17/13 

1,760,000 

' 40 


3,000 

52 

47 




100 



2 ' 10" 


4/19/13 

2,050,000 

55 

19 

4,600 

60 

38 


1 


110 





4/21/13 

2,100,000 

55 

19 

4 200 

64 

34 




10 0 





4/24/13 

2,200,000 

55 

19 

4,500 

68 

32 




80 





5/ 2/13 

1,600,000 

45 

1 4 







50 





5/ 5/13 

1,800,000 

50 

13 

4,800 

70 

27 

1 

2 


40 




6 

4/30/12 

4,000,000 

75 

0 90 

5,000 

74 

26 









5/17/12 

3,600,000 

60 

0 83 

4,500 

60 

38 


1 







6/14/12 

3,680,000 

65 

0 88 

6,640 

64 

36 

9 








7/18/12 

3 700,000 

72 

0 97 

2,100 

70 

30 

9 








9/16/12 

3,800,000 

75 

0 98 

3,400 

60 

39 

9 








10/ 3/12 

3,500,000 

65 

0 92 

4,200 

5^? 

41 

9 








11/29/12 

3 500,000 

55 

0 80 

5,500 

60 

40 

9 



42 



2 ' 24 " 


12/ 6/12 

3,000,000 

69 

1 1 

8,000 

64 

36 

9 








12/13/12 

2,500,000 

75 

1 5 

5,800 

66 

32 

9 

2 


30 





1/24/13 

1,000,000 

20 

1 0 

1400 

49 

51 

9 



6 0 





1/30/13 

800,000 

15 

1 0 

3 500 

51 

48 

9 



40 





2/ 2/13 

750,000 

20 

m 

2,100 

37 

62 

■ 



42 



2 ' 37" 
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TEE ARCHIVES OF INTERNAL MEDICINE 


stenosis and regurgitation aie piesent The right kidnej- is palpable on deep 
inspiiation Examination of a test-meal shows the ahsenee of fiee hydrochloric 
acid, and a total acidity of 10, no blood oi lactic acid The Wassermann reac 
tion IS negatne, as is the blood ciiltuie 

Ihis patient remained in the hospital foi a little over two weeks She was 
apparently comfoi table and v anted to retuin to her ovn home and lesume her 
housevork Although the leticulated ei -v-throcytes vere piesent in such large 
peicentages and indicated an active maiiow, theie weie sinpiisingly few nucleated 
led cells The oijthiocytic pictuie was tjpically that of pernicious anemia 
(Chait 5) Ihe constancy of the led blood cell count slioued that the legenera- 
tion -was taking caie of the cell destiuction The lesistance of the led blood- 
cells to hjpotonic salt solutions was inci eased, foi hcmohsis did not begin until 
a dilution of 0 38 pei cent vas i cached, and to cause complete hemoljsis a 
solution of 0 32 pei cent vas icquiied 

Case 6 — History — Miss C , a nuiscmaid, aged 43, was admitted to the seivice 
of Dr S W Lanibeit Beginning in September, 1911, the patient had a severe 
attack of dianhca, vliicli lasted six veeks She had as mair\ as fifteen movements 
a day The stools contained both blood and mucus Immediately following this 
she had palpitation of the hcait on exertion, and was veiy nervous and easily 
excited She was admitted to the hospital Apiil 29, 1912, vith a spelling on the 
fiont of the neck She complained of loss of eight in spite of hei good appetite 
She also had maiked polyuiia The superior thjioid arteiies were ligatuied, and 
while it vas thought that theie was impio\ement, the edema of the feet, nervous 
ness, pain in the back and the weakness did. not disappear She lemained in the 
medical wards fiom Sept 16, 1912, to Dec 21, 1912, liaMng been tiansfeiied theie 
from the suigicil dnision She was discharged on December 21 as improved On 
Jan 24, 1913, she vas again admitted to the medical service, complaining of a 
“noise in the eais, nausea and -weakness” Dyspnea vas present on exeition, but 
no cough For tivo -weeks piior to admission she had been annoyed by a buzzing 
in the head that seemed to start in the ear and radiate towai d the neck She -W’as 
veiy neivous, but had no sweating The increasing weakness was becoming moie 
and moie noticeable 

Examination — Tlie patient is pooily nouiislied acutelj’^ ill and looks “neivous ” 
The skin is jaundiced The eyes show' slight exophthalmos, the sclerae have an 
leteroid tint, but the other eye signs of Graves’ disease aie absent There is 
a fulness in the thj'roid region on palpa-tion A blowing sjstolic muimur is 
present in the gland The lungs aie cleai The heait is noimal in outline, legu 
lar, forcible and lapid All the signs of mitral regurgitation aie piesent Ovei 
the precordial aiea, and especially in the second left interspace, a to and-fio 
friction rub is heaid There is edema of the lower extiemities, especially on stand- 
ing In the light retina there weie three fresh hemorrhages Tlie Wassermann 
reaction and tw'O blood cultures are negative 

Couise — The patient had constant fever, between 99 and 102 F At fiist the 
diagnosis w'as somewdiat in doubt, but a careful studv of the blood show'ed that 
the anemia W'as of the pernicious tj'pe The reticulated eiythrocj'tes w'ere never 
higher than 6 pei cent (Chart 6), and with the extieme degiee of anemia the 
prognosis was considered bad In this ease also the resistance of the red blood- 
cells was increased and the coagulation time was much prolonged The patient 
giew gradually W'eaker and died before a donor foi transfusion could be 
obtained 

A summary of the findings in the six cases is given in the accompanying table 


GENERAL CONSIDERATIONS 

It IS -unfoitimatel}' still true that any discussion of the treatment of 
pernicious anemia must be prefaced by the statement that the disease is 
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an incnrable one, and that the instances in which complete leco'very is 
alleged as having followed some particulai method of treatment, aie to 
he legal ded as explicable either on the ground of faulty diagnosis or 
insufficient observation Nor is this altogethei astonishing in view of 
the vagueness of our notions concerning the leal nature of the malady 
In dealing with other, secondary, forms of anemia, the conditions are 
diffeient, for we are able to train our therapeutic efforts in two directions, 
first, toward removing the underlying cause of the trouble, and, second, 
toward influencing the regenerative functions of the blood-forming 
tissues In the case of pernicious anemia, however, our ignorance of its 
etiology conveits all om attempts at causal therapy into the purest 
empiricism (leaving out of account the mooted cases of bothriocephalus, 
syphilitic and puerperal peinicious anemia), and impels us to the con- 
clusion that for the present we shall accomplish most by endeavoring to 
stimulate the flagging hematopoietic energies of the bone-marrow 

Of the many measures having this object in view, transfnsion of blood 
in one form or another seems to offer particularly promising possibilities, 
and the highly encouraging results reported by many clinicians (as for 
example, Bovaiid.“ ITurter,'* Hansen,'* Webei,® Morawitz,’' Sachs,® Gulland 
and Goodall,® etc ) more than justify a wider application of the 
procedure 

Ilurtei believes in transfusing early and always recommends the 
operation just as soon as the blood-picture ceases to show evidence of 
active regeneration Undoubtedly, some portions of the bone-man ow 
retain then functional capacity longer than others, but if the delay is too 
great these also lapse into a state of meitia from which they cannot be 
aroused, even by the penetrating stimulus of the hemopoietms in the 
transferred blood 

The history of transfusion is a long one, and those who are interested 
in its details will find them set forth m an excellent article on the subject 
by Weiner Schultz,^® which gives also a complete bibliography up to 1910 
That it did not require the era of vascular surgery to popularize the 
measure, is shown by the fact that in 1875, Landois^^ was able to collect 
from the literature records of 347 transfusions from one human being 
to another At about this period the same great physiologist, together 

3 Bovaird Med Rec , 1911, Ixxxi, 239 

4 Huitei Med Kim , 1911, Beiheft, No 12 

5 Hansen Verliandl d deutsch Kong f inn Med, 1911, p 141 

G Weber Deutsch Aich f klin Med, 1909, xcvn, 165 

7 Morawitz Munchen med Wchnschr , 1907, liv, 767 

8 Sachs Ztschr f Geburtsh u Gynak , 1909, Ixiv, 336 

9 Gulland and Goodall The Blood, New Yoik, E B Treat A Co , 1912, p 133 

10 Schultz, Weiner In Grawitz Khnische Pathologie des Blutes Leipsic, 
1911, p 381 

11 Landois Transfusion des Blutes, Leipsic, 1875 
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THUS ARCHIVES OF INTERNAL MEDICINE 


■With Ponfick/" Panum^” and others, established the fact that transfusion 
with animal blood which pieviously had been widely resorted to, was 
dangerous, and that clinically only human blood could safely be used 
Later the question arose as to whether whole blood oi defibrinated blood 
should be employed, and this has been made the subject of extensile 
discussion and difference of opinion Many of the German authors stiU 
prefer to inject defibi mated blood, regarding the greater ease of working 
with it as offsetting the dangei of intioducing the deleteiious substances 
shown to be present by Kohler,^"* Edelbeig,^® Schultz^® and others Later 
work by Morawitz,^" Puld^® and Moldovan^® has proved that these hazards 
may largely be avoided by allowing the defibrmated blood to stand from 
one-half to one hour befoie injecting, foi under these conditions the 
mjurious bodies produced during the act of defibrination become altered 
mto harmless modifications Morawitz" and Schultz^°> were also 
able to show that the gieatest dangei to be provided against was the 
presence of untoward bodies of the nature of iso-agglutinins or iso- 
hemolysins in the two bloods, and that, therefore, no transfusion should 
be done unless the corpuscles and serum of the donor and recipient had 
first been tested reciprocally In this connection it is worth nothing that 
Hopkins-^ has reported a case in which, although the cells of the donor 
were only slightly agglutinated by the recipient's serum, smears made 
immediately after the transfusion showed extensive destruction of the 
donor’s cells by phagocytes from the recipient Curtis and David“ aftei 
experimental work on dogs do not considei defibrinated blood suitable 
for human transfusion, and Pike, Guthrie, and Stewart"® have found that 
on standing a number of hours, defibi mated blood undergoes alterations 
affecting the corpuscles and impairing its nutritive and bactericidal 
qualities 

Puithei evidence of the changes occurimg m defibrinated oi clotted 
blood IS offered by the work of Stevens and Lee,®^ O’Ccnnor,®® Brodie,®® 
Sollmann,"’’ and Stewart and Harvey®'* on the differences in the pressoi 

12 Ponfick Virchows Arch f path Anat, 1875, Ixii, 273 

13 Panum Virchows Arch f path Anat , 1863, xxvii, 240 

14 Kohler Inaug Diss , Dorpat, 1877 

15 Edelberg Arch f exper Path , 1880, xii, 283 

16 Schultz Deutsch Arch f klin Med , 1905, Ixxxiv, 541 

17 Morawitz Ergebn d Physiol , 1905, iv, 307 

18 Puld Zentralbl f Physiol , 1903, xvn, 529 

19 Moldovan Deutsch med Wchnschr , 1010, xxxvi, 2422 

20 Schultz Berl klin Wchnschr , 1910, xlvi, 140'7 

21 Hopkins The Abchives Int AIed , 1910, vi, 270 

22 Curtis and David Surg, Gynec and Obstet, 1912, xv, 476 

23 Pike, Guthrie and Stewart Jour Exper Med , 1908, x, 371 

24 Stevens and Lee Bull Biol Lab , Johns Hopkins Univ , 1884 

25 O’Connor Arch f expei Path, 1912, Ixvii, 195 

26 Brodie Jour Physiol , 1900, xxvi, 48 

27 Sollmann Am Jour Physiol, 1905, xiii, 291 

28 Stewart and Harvey Jour Exper Med , 1912, xwi, 103 
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substances m blood before and after defibrination or clotting Clinical 
observation confirms tbis and various authors, such as Hurter, state that 
the therapeutic effects of v^hole blood are distinctly better than those 
foUoivmg the use of defibrinated blood 

While the development of the art of vascular surgery to its present 
high degree, mcludmg as it does the possibility of transferring absolutely 
fresh and, as far as ive knoiv, unaltered hlood from one mdividual to 
another, would appear to make all furthei consideration of the use of 
defibrmated blood unnecessary, it must be admitted that from the stand- 
point of the clmician, these surgical transfusions are still far from ideal 
In spite of the various highly ingenious devices that have been suggested 
for facilitating the operation, it is usually time-consummg. except in 
the hands of particularly skilful operators, and is a considerable ordeal 
to both donor and recipient This fact, togethei with the sacrifice of a 
vessel which is entailed, makes donors difficult to find and causes them 
to hesitate about servmg a second tune, but the most serious drawback 
lies in the difficulty of estimatmg the amount of blood transferred 
Countmg the recipient’s cells and determming the amount of hemoglobin 
at regular intervals, durmg the transfusion, should never be omitted, but 
this is at best only a halting method of gaugmg the blood-flow 

Both our own observations and those of others lead to the conclusion 
that more is to be expected from small transfusions repeated at rather 
frequent mtervals, than from a smgle one of large amount (Weber,® 
Henrot,^® Hurter^). There is even a likelihood that, as m the case of 
other stimulants, unnecessarily large doses of blood may actually be 
mjurious, and as it were, overwhelm the last flickei of regenerative 
activity still persisting in the mariow Oi, there is also the possibility’’ 
that the abrupt change from a state of extreme blood-poverty' to one m 
which there is a great profusion of vigorously functionating cells, by 
relieving the bone-marrow from the msistent demands to which it has 
long become habituated, allows it to subside into a condition of hopeless 
inacti’vity 

Several possibilities suggest themselves m explanation of the effect 
of the transfusion Either the transferred blood is functionally active 
directly as a 'transplanted "tissue, and its value, therefore is pioportionate 
to the length of tune its elements remain mtact or it is conceivable that 
it may have an antitoxic action on the etiological factor of the disease 
Turk,®® for example, believes that the new blood, bemg less resistant than 
the patient’s cells, combmes vith some putative hemolytic principle 
present, and so by temporal ily protecting the bone-marrow, allows it 

29 Henrot Bull, de I’Acad d mCd Pans 1913 Ixxn 38 

30 Turk Vorlesungen uber kliniscbe Hamatologie, Vienna 1912 i5 part 2, 
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oppoilunity to restoie some of the lost cells In the opinion of most 
authors, however, the transferred blood acts as a stimulant, especially to 
the blood-forming organs, and at least for a time, revives the power of 
blood regeneration. 

Cainot^^ attempted to increase the effect of these stimulating bodies 
or hemopoietins by using blood from animals that shortly before had 
been subjected to a venesection, but while theie seems to be some experi- 
mental basis foi believmg tliat this is possible, further work by Gibellff^ 
and by Lairabee’’'' has shown that the procedure offers little hope of being 
valuable clinically The same thing is true of the effoits of Courmont 
and Andre,®^ and other French woikers, to obtain increased stimulation 
of hematopoiesis by admmisteiing small doses of hemolytic serums In 
this connection it is of inteiest to note that Walter^® has reported a case 
of pernicious anemia tieated effectively by lepeated injections of blood 
taken from a patient with polycythemia 

Although, of course, it is peifectly possible and even probable that 
the benefit following transfusion is more or less a composite of all these 
factois, it seems most likely — and this opinion is shared by most 
wiiteis on the subject — that it is the stimulation of the bone-marrov 
that IS chiefly effective 

Willie the transfeired cells mav seive to tide oiei a moie oi les« 

%/ 

acute emergency, their life in the new host is certamly too short to 
account for the steady rise in red cells that is frequently observed during 
a considerable peiiod following the transfusion, and it is haidly con- 
ceivable that this IS merely the result of improved nutritional conditions 
The persistence of the new cells has been vaiiously estimated by different 
writers, but is generally supposed to be about three or four weeks Oui 
own observations, by means of the method of vital staining, incline us to 
the view that in most instances they do not last so long, two or three 
weeks being the usual period in our cases, and during the latter part of 
this time they are so poor in hemoglobin as to be of comparatively little 
functional value 

Although some clinicians (Eseh,®'’ Huber, Mann®®) have had good 
results from the subcutaneous or intramuscular injection of defibrmated 
blood, this has not been our experience, or that of the majority of writers 
Both from our own observations and from a survey of the literature, the 
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concl-usion seems 3 iistified. that the optimum effect is to be expected fiom 
the repeated intravenous administration of rather small measured 
amounts of undefibnnated blood The desideratum appears to be the 
employment of a method hy means of which this can be effected with less 
difficulty for all concerned than is the case when a vascular anastomosis 
is undei taken, so that the measure may be made more easily applicable 
to the conditions of ordinary practice Over twenty years ago von 
Ziemssen^® reported numerous cases in which transfusion was success- 
fully employed by such a method It consisted in having one opeiatoi 
thrust a needle through the skin into the vein of the recipient, while 
another opeiatoi performed the same action on the donor Three glass 
syringes of 25 c c capacity were kept constantly in action, one being 
filled with blood fiom the donoi, the other being emptied into the vein 
of the recipient, while the third was being washed out with sterile salt 
solution by a third person before being again applied to the needle in 
the donor’s vein By this procedure von Ziemssen was able to transfei 
any desired amount of unaltered blood and to measure it accurately 
Moritz, in 1911, emphasized the advantages of the method and intro- 
duced some improvements in the technic which facilitated the puncture 
of the vein Still more recently, Lindeman,^^ using the same principle, 
has devised a set of cannulas by the aid of which even small veins may 
easily be entered, and the danger of wounding the intima is reduced, 
and has reported thirty-six transfusions done without a mishap, one of 
them in a child of seven weeks 

CONCLUSIONS 

1 The transfusion of physiologically unaltered blood is one of the 
most promising forms of palliative treatment available in pernicious 
anemia The number of cases on record in which a remission of notable 
degree and considerable duration has followed immediately on a trans- 
fusion IS so great as to make it impossible to regard these results meiely 
as coincidences If proper precautions are taken to select a healthy 
donor and by the usual tests for isohemolysins and iso agglutinins the 
serum and coipuscles of donor and recipient are found mutually con- 
genial, there is no danger, and the measuie should be employed earlier 
in the disease instead of waiting until the patient is in a despeiate 
condition 

2 There is evidence in favor of the view that gi eater "judgment and 
accuracy aie needed in determining the amount of blood to be trans- 

39 Von Ziemssen Deutscli Aich f khn med , 1902, 1, 491 Veiliandl d 
Deutsch kong f inn Med, 1892, Munchen med Wchnschr , 1894, xli 349, 1895, 
Kill, 301 
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feried It is quite possible that too laige an amount of tiansferred blood 
may be injurious, and that moie benefit is to be expected from small 
doses introduced at inteivals to be detei mined by the progress of the 
patient 

3 The enumeiation of the reticulated cells by means of the method 
of iiial staining affords a useful means of gauging the hemopoietic 
activity of the bone-marrov*. and by watching the patient’s progress in 
this way the indications for and effects of, various therapeutic measures 
can be well determined and supeiMsed 



THE PATHOGENESIS OF THE CONTEACTED KIDNEY 


LUDWIG ASCHOEF 

FREIBURG, I, BE 


In 01 del to obtain a comprehensive insight into the pathogenesis of 
the various types of conti acted kidney in man, it is first of all necessary 
to attack the pioblem horn the eApeiimentaJ standpoint, and to attempt 
to pioduce m animals artifieiall}’’ the identical types of contracted kidney 
which are obseived m human pathology Hnfoitunately, up to the 
liresent time this has been possible only to an exceedingly limited extent, 
But in this legal d eeitam pieces of work of the past 3 ^ear or two have 
served to advance our knowledge, amongst which that of my friend 
Ophuls in San Francisco, of my colleague Mackenzie in Toionto, of then 
pupil Dickson, and of Christian are especially worthy of mention 

On the other hand, more exact studies concerning the finer morpho- 
logical strnctuie of. the kidney have appeared almost simultaneously in 
France and in Geimany, and these undoubtedly must now form the 
essential basis foi all expeiimental work I have also occupied myself 
with similar studies for several years past, the results of which have m 
laige pait been published dm mg the pievious year by my pupil Suzuki 
My lecture therefoie logically resolves itself into thiee parts 

1 What IS OUT knowledge concerning the morphological structure and 
the function of the normal kidney ^ 

2 What paitieulai structural elements of the kidney must be 
damaged to pioduce chionic contracted kidneys in animals^ 

3 What IS oui knowledge concerning the chief types of human 
contracted kidney ^ 

I shall begin first of all with the question concerning the morpho- 
logical structuie of the lenal tubules As regaids the constiuction of the 
lenal tubular system, we have been accustomed to difierentiate the 
following structuial groups The capsular epithelium, the convoluted 
tubules of the 1st oidei (the ^"RaupUiuclce”) , the Henle’s loop, the 
convoluted tubules of the 2d order (the '‘ScliaUstvclve”) and the col- 
lecting tubules 

But if we are to take into considei ation the newer histological 
studies and those founded on modern reconstruction technic — and I 
lefer chiefly to those of Polieaid and Peter — we must elaborate the 

The CaitAvnght Lectmes foi the year 1913, of the Association of the Alumni 
of the College of Physicians and Suigeons. Columbia Unnei=ity 
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above classification still further For Peter divides the ascending linih 
of Henle’s loop into a lower cloudy and an upper transpaient portion 
He also calls that narrow tubule which unites the ascending limb of 
Henle’s loop with the SclialtstucJc, and which usually lies adherent to the 
glomerular capsule at its hilus, the Zwischenstuclc or connecting piece 
And, finally, he differentiates the primary collecting tubules from the 
mam collectmg tubules, as have some previous authois 

In contiast to this complicated composition of the more distal 
portions of the tubular system, the Hauptstucl (tubulus contortus of 
the fiist ordei) ha's generall}^ been considered in the literature as an 
absolute unit, or, at the veiy most, only the terminal end (the spiral 
piece of ScliAveiggei-Seidel, pm he ieimtmle of Policard) was distin- 
guished from the lest of the Ilmipistucl Even Peter in his schemata 
of the renal structuie m the vaiiou'? animals treats the Eauptstuch as a 
single unit, only giving the teiminal poition a special distinction in the 
eat Indeed, we find exceedingly scanty infoimation in the literatuie 
concerning the finei morphological diffeiences which distinguish this 
termmal portion 

On the basis of the lesults obtained from a study of Altmann 
preparations and vital staining with carmin made in conjunction with 
Di Suzuki, I am now prepared to advise a still fuither division For it 
could be easily determined that in all the animals studied (the rabbi'*', 
guinea-pig rat, mouse, pigeon^ to a certain extent also the cat and the 
hedgehog), the Hauptsiiich (convoluted tubule of the fiist older) can be 
divided into at least three parts and possibly four 

The first, or proximal portion, when stained by Altmann’s method, 
is characterized bj'- an extraordmarilly dense and deep staining lod-like 
structure On the other hand, the second oi middle poition is charac- 
terized by a much more diffuse and more delicate rod-like stiuctuie, 
whereas in the third or distal portion a gradually more and more marked 
solution into gianules takes place, which become progressively more 
diffuse in distribution This differentiation into three (or perhaps four) 
parts stands out still more distinctly m the carmin preparations, so that 
at first glance one can immediately tell which tubules in the cortex belong 
to the portions immediately efferent from the glomerulus and which 
represent the transition to the descending loop In the rabbit one can 
still further divide the third or distal portion into a spiral and a 
straight part 

On the basis of these specific stains, I can only confiim the observation 
of Peter concerning the more compact arrangement of the tubular con- 
volutions in the deeper glomerular levels, as compared with those lying 
nearer the surface of the organ To my mind, the recognition of the 
characteristic structure of the terminal portion of the Eauptstuch is 
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particularly impoitant, for, as Petei lias also pointed out, the fact that 
it runs deep into the medulla enables one to confuse it easily with the 
ascendmg limb of Henle^s loop — a confusion which in certain recent 
woiks on vital staining has actually occurred 

Because of the fact that up to the present time the vital staming has 
been especially used in studying the secretory processes in the kidney it 
seemed essential to know exactly where and in what manner the vital 
staming dyestuSs aie excieted From amongst the many dyestuffs that 
have previously been used we have purposely chosen carmin, though for 
the sake of compaiison we have also made use of trypanblue It is, of 
course, impossible for me to give you the details of each of the exceedingly 
numerous varieties of experiments performed, nor is it possible at present 
to desciibe to you the histoiical development of this subject or the 
diffeiences of opinion which still exist on important questions I desire 
merely to mention that it was the work of Ribbert and of Arnold which 
above all others formed for us the staiting point for further investigations 

One fact which I desire to emphasize most strongly is that the 
majority of the authors, though by no means all, have failed to make a 
sufficiently sharp distinction between the actual excretion of the dyestuff 
and the staining of the granules This distinction is probably one of 
the most important contributions of our experiments If the staining of 
the granules is taken as the index of the dyestuff excretion, then the 
excretion of carmin may be expected to reach its height twelve to 
twenty-four hours after the admmistiation of the usual dose emplo3''ed, 
for that IS the time when a distinct staining of the granules m the cells 
is first to be observed On the other hand, since it can be easily 
determined that only the epithelium of the Raupistuclce shows a granule 
staining, it seems self-evident that the excretion of the dyestuff takes 
place through just these cells and through no others Incidentally, it 
must heie be mentioned, that all observations which would seem to 
indicate that an excretion of carmin also occurs m the ascending limb 
of Henle’s loop or m the SclialtstucJce are based on an erior We should 
also prefer to believe that similar observations in regard to other d^'^estuffs 
such as toluidinblue, trypanblue, etc , are also due to false interpretation 
of the findings What has been taken to be the ascendmg loop is nothing 
else than the distal portion of the HauptstucJc And in the ScliaUsUwl 
or in yet more distant divisions of the tubular labj'Tinth, the dyestuff 
occuis mtracellulaily onl}^, when for other reasons we have a right to 
assume that resorption has taken place 

Indeed, on the lesulis of constantlj repeated compaiisons of Altmann 
preparations and carmin preparations from the same kidnej^, we asseit 
that secietory granule staining occurs only in the epithelium of the 
HaupisUick and in the very beginning of the descending loop The 
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fact that the Uauptstnclc stands forth so conspicuously in the vitally 
stained preparations natuially indicates the possession of a special func- 
tional capacity foi the excretion of dyestuffs The vaiiety of the 
observations in regard to the histological pictures ohseived duiing the 
piocess of caimin excretion is, in our opinion, to be explained by differ- 
ences in the doses employed or in the duration of the expeiiment If the 
caimin excretion be S 3 ^stematically followed at inteivals of ten minutes, 
tliiity minutes, one houi, etc, for several days or iveeks, the following 
result IS obtained The intensity of the coloi of the urine and the 
repeated finding of numerous deeply stained casts of carmin m the 
collecting tubules of the kidney under observation, definitely indicate 
that the gi eater part of the dyestuff is excreted within the first half 
houi, or at most within the fiist hour after the in]ection In micro- 
scopical pieparations of kidnej’’ obtained aftei this time, the casts of 
carmin are eithei veiy scarce or entirely absent Yet in this period when 
the chief secietion is taking place, no stammg of the specific granules is 
to be seen, or at best only an extiemely faint staining Occasionally when 
the dose administered is not too large, no morphological changes what- 
ever are to be seen m the cells, which would indicate a caimin excietion 
But if the caimin excretion is very maiked, the pictuie which has been 
repeatedly desciibed by A Schmidt, Eibbert and others is to be seen, 
namelj’’, pink staining of the brushlike marginal membrane (the Bmsien- 
saum), together with an irregular granular precipitate at the base and 
on the suiface of the biushlike maigm itself 

The Altmann prepaiations show that in this peiiod the specific lod- 
like 01 granular structure of the cells is unaltered The}'’ demonstiate 
conclusively that the irregulai gianular deposit of carmin }ust described 
has absolutely nothing to do with the real cellular gi anules, but represents 
merely an inci eased concentiation and precipitation within the biush- 
like marginal membrane which limits the cell interior from the lumen 
The carmin casts which are to be seen in the collecting tubules and 
occasionally also in the Henle loops present an cntiiely different appear- 
ance, consist of very much finei or coarser granules, and are always more 
01 less uniform in size The above mentioned facts all indicate that the 
dyestuff passes through the epithelial cells of the Hmptstucke in solution 
and thal only in the lumen of the more distal portions of the tubular 
system is it tin own down in granular foim, due on the one hand to the 
slowing of the uiinaiy current and on the other to resorptive processes 
Here it is usually found embedded in albuminous mateiial Humeious 
authors, and more particularly Eibbert, have shown that a resorptive 
phenomenon piobably takes place in the Henle loops, the ScJialtstucke 
and to some extent also in the collecting tubules But the final pi oof 
that it actually does take place is to be found in the fact that if the 
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expeiiment lias lasted some length of time the epithelium of these tubules 
usually shows the piesence of carmin granules, whereas in their lumma 
casts are still present The irregularity of their distribution and their 
coarse appearance render it an easy matter to distinguish them from 
the secietory granule stainmg in the epithelium of the Hmptstncl 
Although it now seems probable that dui mg the mam secietoiy 
period the excietion of carmm oceuis in soluble form, the question must 
still be answered whether this excretion occurs exclusively through the 
epithelium of the Hauptstuch, or whether it can also take place elsewheie 
as well, as, for example, through the glomeruli As is well known, the 
occurrence of such a secretion through the glomeruli is at the present 
time denied But in the mouse, if the carmin administration be pushed, 
carmin precipitate can even be encountered in the capsulai space 
Further, although all the epithelium of the Haiiptstuclce be severely 
damaged, as, for example, by chromium, a relatively rapid excretion of 
carmin will neverthele'^s still take place The two facts speak for the 
assumption that the carmin is excreted in soluble form, not only through 
the epithelium of the Hauptstuch, but also thiough the glomeruli 
although probably in greater dilution The fact that this excretion is 
ordmanly invisible does not speak against it, for if smaller doses are 
used the excretion can also take place through the epithelium without 
leaving behind any morphologically demonstrable traces 

We thereby assume a position to a certain extent opposing the present- 
day teaching, more especially as we desire to emphasize that the period 
of secretoiy activity must be sharply distinguished from the period of 
storing up — the “8peiclierungspliaf(e” Accoiding to our experience, the 
phase of secretoiy activity reaches its- height within about one hour and 
then slowly diminishes, whereas the stormg-up phase reaches its height 
only after twelve to twenty-four hours From this alone one can conclude 
that the storing-up process is independent of the secretory process or of 
the intensity of the secietion On the contrary, at that time when the 
cell IS being most mtensely perfused with the dye fluid, the granules are 
only very weakly stained, and then gradually the intensity of the staining 
increases in spite of the progressive diminution of the secretion iNevei- 
theless, it seems that the storing up of carmin I's more or less dependent 
on a certain optimum rapidity of the mtracellular perfusion Increasing 
the rapidity of excietion by means of a diuretic immediately results in 
a prolongation of the period of stormg up Lowermg its rapidity a^, 
for example, by lowering the blood-piessuie, lesults similar^ in a delav- 
ing of the stonng-up process A faulty staining of the granules by the 
vital stains may therefore be the result of either of two diametncalh 
opposed functional distuibances^ a liyp erf unction or a h 3 ’pofunction 
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We, therefore, arrive at the conclusion that the vital staining of the 
granules in the renal epithelium has absolutely nothing to do with the 
actual secretion itself The prolonged perfusion of the epithelial cells 
with the dyestuS merely offers the granules the possibility of storing it 
up The intensity of the granule staining cannot, therefore, be used as 
an estimate of functional capacit)', as has until now been done, or at 
best only with very caieful reservations I should Idee to emphasize that 
pomt most emphatically for even in the most recent work the opinion 
has been repeatedly expressed that the intensity of the granule staining 
stands in direct proportional relationship to the functional capacity of 
the cells In making such statements the normal physiological differences 
in intensity with which the d 3 'estufr is stoied up in the cell granules of 
the different divisions of the Uauptstuch have, of course, been left 
entirely out of consideration 

On the other hand, the fact that the storing up of the vital stain 
occurs in definitely chaiacteristic fashion in each of the different divisions 
of the “Hauptstveh/ enables us to solve the important question whether 
the various renal poisons (cantharidin, arsenic, chromium, uranium, 
sublimate, etc ) damage the entire "‘Haupisiuch” diffusely, or whether 
they possess a selective action on certain portions Here again it is 
impossible for me to go into details I desire merely to sum up the 
matter very biiefly by saying that such a selective action does actually 
occur 

The various renal poisons permit a classification into three groups 

1 Those which damage mainly the terminal poition of the Haupt- 
stucL, but whose action maj'’ under the influence of larger doses also 
extend somewhat upward on to the middle division of the Hauptstuck 
Very rarely and onlv when extremely large doses are administered will 
the action extend on to the proximal division of the Hauptstuck as well 
To tins group belong sublimate and cantharidin 

2 Those in which the damaged area is chiefly limited to the spiral 
portion of the distil division of the Haxiptstuck, spreading downward 
toward the Henle loops and upward on to the middle division, but 
rarely reaching as high as the proximal division Characteristic of this 
group of poisons is uranium 

3 Those which piiniarily damage the proximal and middle divisions 
of the Hauptstuck, though with larger doses spreading downward on the 
distal and transitional divisions To this group belongs chiefly chromium 

I should not lay any stress on tins specific localization of the action 
of the various renal poisons, were I not convinced that it possesses an 
important bearing on the anatysis of the function of the kidney It 
certainly cannot be an indifferent matter which of the three or four 
divisions is chiefly damaged by a certain poison, particularly as we know 
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absolutely nothing at present concerning what special fi^nctions each of 
these divisions may possess In fact, on the basis of onr nmneious 
senes of experiments on the aitificial production of hydronephrosis, the 
infection of uiie acid and the observation of physiological forms of 
epithelial pigmentation (H Fischer), I believe we have the light to 
conclude that the vaiious divisions differ from one another in regard to 
their excretory function 

In this regard I can to-dajf only refer 3^011 to the moie detailed 
publication I should meiely like to mention that uric acid is mainly 
excreted in the first and second divisions of the Hauptstuclc and that 
the lipoid substances, as, for example, m diabetes, are similarly stored 
up in these divisions On the other hand, Baelii of New York, when 
working in my institute, was able to demonstrate that in the diabetic 
kidney glycogen is not only stored up intracellularly, but also excreted 
specifically by the cells of the fourth or transitional divisions of the 
Rauptstuclc The work proved that the glycogen deposition in the 
diabetic kidney is not an incidental degenerative process, situated, as 
has previously been thought, in the Henle loops On the contraiy, it 
an important evidence of a specifically localized secretory process Of 
especial interest is the fact, to which Baehr has also called attention, 
that canthandin, which acts specifically on this fouith or transitional 
division, IS able to render the kidney relatively impermeable to sugai 

The question concerning the differences in action of the poisons is 
made still more complicated by the fact that they not only pick out 
particular portions of the Havpt^tucJc^ but that they also produce diffei- 
ent types of damage For example, chiomium, uianium and sublimate 
produce extensive epithelial necroses in the affected tubules whereas 
canthandin chiefly produces a very marked cellular swelling and vacuo- 
lization And then^ finally, even the necroses following the vaiious 
poisons show differences, m that they may or may not be pieceded by a 
stage of hyalin-dioplet degeneration These facts possess an important 
bearing on the formation of casts For in poisonings with those sub- 
stances which produce the cellular necroses, casts are present in large 
numbers, whereas in canthandin and arsenic poisoning they are relatively 
infrequent If it were tiue that canthandin particularly damages the 
glomeruli, as most authors have assumed, then the formation of casts 
following its administration should, according to the teaching of Hibbert 
be especially marked In our numerous experiments with canthandin 
we have practically never observed an5’' damage to the glomeruli which 
was worth}’’ of mention, or which could not similarly be observed following 
any of the other poisons We cannot, therefore, agree with those authois 
who are of the opinion that a glomeiulo-nephntis, 01 a specific damage 
to the glomerular capillaries of the renal ve'?sels can be produced b}’ the 



730 


TBE ARGEIYES OF INTERNAL MEDICINE 


use of cantliaridm Our experiments with aiscnic have also led to a 
negative result m this regaid 

The actual starting point of oui lesearches along these lines was the 
woik of Schlayei and Hedingei on toxic nephiitis several years ago. 
On tlie basis of carefully planned experiments, these authors lecom- 
mended a shaip distinction between vascular and tubular nephritis, 
which seemed to us to be worth}'' of a caieful lustolpgical analysis We 
weie able to convince ourselves that, on the one hand, the topographical 
lelationship of the damage efiected by the different renal poisons 
employed by these authois was exceedingly varied and complicated, that, 
on the othei hand, the histological picture following cantharidm poison- 
ing showed that with fai more 3ustice it deserved to be classed as a 
tubulai poison lather than a vasculai, and that finally the great differ- 
ences in blood-pressuie which the authois themsehes admit to be present 
in tne tubulai and the so-called vascular poisoning is more than sufficient 
to account foi the existing diffeiences m function For these leasons, it 
seems to us that the diMsion of the lenal poisons into a tubulai and a 
lascular group is not justifiable We have been forced to the conclusion 
that all the poisons which we liaie studied act primarily on the paren- 
chyma, and m fact on particulai poitions of the HauptstueJee The 
variations in the functional disturbance produced by certain of the 
poisons can be better explained by differences in the topography of the 
aiea affected, and bv the fact that the individual poisons have a diffeient 
influence on the blood-pressure 

The knowledge that all the known lenal poisons as at piesent admm- 
istered act piactically exclusively, in so far as is morphologically demon- 
strable, on the epithelium of the Haupishiclce, destroys all hope of 
pioducing expel imen tally by this means pathological pictures lesembling 
the human nephropathies Of course, contributions aie accumulating in 
the liteiature which piove that if administered over a long enough period 
even these parenchymatous poisons may produce a contracted kidney 
But for man it is, on the contiary, just the diseases of the glomeiuli 
which form the most important etiological factoi foi contracted kidney 
Sclerotic areas in the kidney have been produced bj'^ Ophuls with lead 
and with chromium, by Dickson with uianium, by Dyeno undei Ponfick’s 
direction with carbolic acid, and the question ic still to be settled how 
these foci of sclerosis are to be explained One author assumes a direct 
iiritation to the connective tissue, the proliferation of which eventually 
compresses the epithelial elements On the othei hand, TJyeno and 
Ponfick belieie that the damming up oi the tubules by means of casts 
IS the piimary cause of the scleiotic areas, thax the proliferation occurs 
in the vicinity of these obstructed tubules, and that this connective 
tissue in Cl ease by gradual conti action and conipiession causes the tubular 
shrinkage 
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The pathological pictuies which we obtained in chionic nraninm 
poisoning thoroughly convinced us that neithei of these two hypotheses 
represent the real causative factoi, although it cannot he denied that the 
retention of casts is of some significance The great ma3ority of the 
casts, however, are flushed out of the organ in a relatively shoit time 
and only occasionally may some lemain behind, become calcified and 
thereby incite a reactive inflammation in its vicinity which may lead to 
total obliteiation of the lumen We feel convinced that still another 
process plays the chief idle In accordance with the work of the most 
recent authors, amongst which that of Thorel, of Heinecke and of Tilp 
must be especially mentioned, we were able to obseive the extraordinarily 
rapid epithelial regeneiation in the damaged Havptshiche in all animals 
and could readily determine that this epithelialization had its point of 
origin primarjly in the narrow limb of Henle’s loop and in the remains 
of the lower transitional division of the RauptstueJe Should the advance 
of the proliferating epithelium be obstructed by impregnable necrotic 
masses, or the epithelium from which the regeneration ordmanly starts 
be too severely damaged, there then lesults a collapse, and, eventually, 
total destruction of that particular entire tubular system The portion 
of the tubular system proximal to the point of obstruction undergoes a 
pressure and inactivity atrophy absolutely identical with that occurring 
in hydronephrosis And in this mannei the numerous atrophic islands 
in the renal coitex develop, which are particularly characterized by the 
fact that the glomerulus belonging to the atrophic focus is somewhat 
smaller than normal, but otherwise strikingly well preserved, that its 
capsule IS thickened, and its capsular space dilated Although the 
process I have just described leads to a tubular contracted kidney as 
distinguished from a glomerular, it nevertheless does in my opinion find 
its analogy in human pathology in the pyelonephritic contracted kidney, 
the uric acid kidney and the sclerotic foci proximal to renal cysts, etc 
But since the glomerular contracted kidney is, as a matter of fact, 
really the predominating type in human pathology, the most important 
problem was to find a means of producing a glomerulonephritis in 
animals I have already mentioned that the glomeiular lesions ob=ened 
after the administration of the ordinary renal poisons can by no means 
be considered a genuine glomerulonephritis Only in uranium nitrate 
poisoning have Chiistian and Mackenzie been able to observe certain 
changes in the glomerular loops winch would seem to indicate a possible 
vulnerability of the glomeruli in regard to uranium 

Baehr has recently been studying these vaiious problems in the 
Bieiburg Institute in greater detail By the subcutaneous, but aboie all 
by the intra-arteiial administration of uranium, he has succeeded in 
producing experimentally absolutely typical pictures of human glomerulo- 
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nephritis, and especially of the Lolilein type of gloineiular lesion 
occunmg with chionic nlceiative thromboendocarditis The process 
begins with blood platelet thioinbi in the capillary loops, necroses of the 
endolhelial capillary walls and exudation into the capsular space Then 
follows absolutely chaiacteristie proliferation of the epithelium of 
Bowman’s capsule with the formation of typical epithelial crescent^ 
And, finally, there lesult adhesions which lead to partial obliteration 
of the capsular space Hemorrhages also accompany the glomerular 
changes, so that even macioscopically the chaiacteiistic red punctate 
dotting of the cortex is to be observed Unfortunately thus far the 
animals have usually died within the fiist few weeks, so that no very fai- 
advanced stage of conti acted kidney has as yet been obtained But Baehi 
has for the first time produced glomeiulonephritis experimentally, and 
his reseaiehes are the fiist wdiich point the way to the experimental 
pioduction of glomerular contracted kidneys Of particular interest is 
the fact that b}^ similar mtia-aiteiial injection of lodin, chromium and 
croton oil no such glomeiulai changes could be produced, so that uranium 
must possess a specific action 

Damage to the glomerular appaiatus must by no means be consideied 
as identical wntli damage to the renal lessels, as some authors have 
waongly assumed, and there have also been attempts to injure only tlie 
vessels themselves As I have alieady mentioned, it was especiallj 
Selilayei who believed that in canthaiidin and arsenic he possessed 
poisons which specifically damage the lenal vessels But as Pearce, Hill 
and Bisenbrey have showm, an absolutely shaip distinction between 
vascular and tubular poisons cannot be made Puitheimore, a critical 
study of Schlayer’s expeiiments, which Baehi has recently undertaken 
has also shown that among other things the general circulatory dis- 
turbance produced by the so-called vascular poisons is one of the chief 
causes of the early oliguria and other functional changes on which this 
classification is based We possess at present no means with which to 
damage the lenal vessels alone, and, theiefoie, no means with which to 
induce in animals a reproduction of the vascular type of contracted 
kidney 

It must, therefore, be frankly recognized that up to the present time 
only tubular contracted kidneys have been experimentally produced in 
animals, but that on the basis of Baehr’s experiments we can also expeci 
to produce glomerular contracted kidneys in the near future Only then 
will it be possible to study satisfactoiily the effect of such renal changes 
on the general organism, and, what will interest the clinician most of 
all, their influence on the vascular system, on the heart, and on the 
adrenals 
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For the tune being we are, therefore, obliged to confine ourselves to 
the pathological findings in our human material But even in human 
pathology there exists up to the piesent time such a confusion m termin- 
ology and in interpretation that a satisfactory understandmg of kidney 
diseases is a very difScult matter This is the reason for the oft-repeated 
complaint that we possess no clear and reliable classification of renal 
diseases, and that we make no sharp distmction between the actual 
inflammatory processes and the other pathological disturbances which 
affect the kidnej’ It was no less a man than Friedrich Muller who, at 
the Meran Congress of the “Deutsclien Natuifoi seller und Aerzte,” 
distinetty advocated a division of the non-inflammatoiy from the 
inflammatory kidney affections under the names of the ^^Fephroses” and 
the ‘^Fephritides,” respectively But the term nephrosis has not come 
into general use. and in order to preserve a tei’minolog}’’ analogous to 
that for diseases of other organs, it would be better to replace it by the 
term "Fephropathv 

Inasmuch as we know so very little concerning the etiological factois, 
it IS permissible to classify the nephropathies on the basis of pathogenesis 
We can best divide all diseased conditions of the kidney into those which 
are purely or mamly passive in nature, and those which are reactive or 
inflammatory in nature The first group can be again divided into the 
disturbances in development and form, the disturbances in circulation 
and the metabolic disturbances, the second gioup, which is really a 
complicated mixture of passive and active processes, must also be 
arianged into subdivisions according to whether the inflammatory reac- 
tion chiefly limits itself to the blood-vessels and connective tissue or to 
the glomerular apparatus oi to the tubular apparatus with its own 
individual divisions 

Finally, according to the course of the pathological process, some of 
the subdivisions must be separated into the acute and the chronic 
affections Although it is extremely tempting to compare for 3'-ou the 
acute renal diseases with those facts which have been determmed experi- 
mentally in animals, I nevertheless feel that I must confine myself to a 
biief sketch of the chronic renal affections, because, m default of material 
for satisfactory comparison m the field of experimental work, such a 
brief outlme seems moie necessary for a better imderstanding of the 
present-day conceptions I have attempted to present a survey of the 
chronic renal affections alone, at the same time mdieatmg the acute 
proce'^ses from which these develop Although in the chronic affections 
of mamly passive origin — those of foimatiie degenerative or circulator}' 
origin — the pathological condition under consideration usually de'selop'^ 

1 As used by me an 1909, and recently lecommended by Barker (Am Jour 
Med Sc, 1913, exlr 42) 
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insidjously liom the veiy onset, the chionic affections of inflammatory 
origin are, on the contiai}-’, usually ushered in by an acute piocess The 
variou'^ forms of inflammatoiy contracted kidney result secondarily 
therefrom, and ought leally to be considered as nothing more oi less 
than cicatrices in various stages of deielopment In fact, the inflam- 
matory contracted kidneys resemble the othei chronic nephropathies of 
passive nature in this respect, for the reactiie process is more or less 
completely extmguished and only a ph3sical disproportion and perhaps 
a certain di‘?turbance in functional equilibrium remains 

It IS not my purpose to enter on a detailed description of these 
various chronic renal affections, referring }ou rather to the text-books of 
pathological anatomy in which the frequent and confused misunder- 
standings, as, for example, that in regard to chronic parenchymatous 
nephritis, have been subjected to a searching exposition in the ligh+ of 
lecent investigations But I desire to call your attention to one point, 
namely, the great variety which the several forms of contracted kidney 
present in regard to their pathogenesis, although they form only one 
subdivision of the chronic renal affections I shall limit myself to a 
comparison of the genuine and the secondary contracted kidney 

THE ClinONIC NEPHROPATHIES 

I IS'ephiopathies of fonnaUie origin (distuibanees in development 
and form) 

Examples 1 Nephropatina cystica Congenital cystic kidneys 

2 Nephropathia hydronephrotica Hydi onephrotic contracted 

kidneys 

3 Nephropathia carcinomatosa, etc Carcinoma of the kidney, etc 

II Hepliiopathies of degenei aUve origin (metabolic disturbances) 

Examples 1 Nephropathia diabetica Glj'cogen excretion and deposition in 

the lowermost division of the “Haupstuck” (convoluted 

tubule of first ordei ) 

2 Nephropathia unca Uric acid collections in the resorbing por- 

tions of the renal tubules 

3 Nephropathia amyloidea Amjloid degeneiation of the capillaiy 

system 

4 Nephropathia Basedowiana Fat infiltiations in the secietory 

portions of the lenal tubules 

III nephropathies of vasculm origin (circulatoiy distuibanees) 

Examples 1 Nephi opathia albuminurica orthostatica adolescentium 

2 Nephrosclerosis cj'anotica Kidney of passive congestion 

3 Nephrocirrhosis embolica Embolic conti acted kidney 

4 Nephrocirrhosis arteriosclerotica Arteiiosclerotic contiacted 

kidney 

5 Nephrocirrhosis genuina Genuine oi piimaiy contracted kidney 

Granular atrophy Presenile scleiosis affecting the smallest 
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IV Ncphiopathies of inflammatory origin 

Examples 1 Nephrocinhosis glomerularis Glomeiulai or secondaiy con- 
tracted kidney (The "chronic parenchymatous kidney” of 
older authors) Develops after an acute glomerulonephritis 

2 Nephrocirrhosia tubularis Tubular contracted kidney Develops 

after an acute tubular nephritis Exceedingly rare in man^ 
if it occurs at all In animals it can be experimentally 
produced by chronic uranium poisoning, and by intia- 
arterial injection of lodin 

3 Nephroeirrhosis apostematica Pyelonephritic conti acted kidney 

Develops after an acute suppurative inflammation of eithei 
hematogenous or urinogemc origin 

4 Nephroeirrhosis tuberculosa, etc Tuberculous contracted kid- 

neys, syphilitic, etc 

Even at the piesent day the idea is still widespread that the gemiine 
or primary contracted kidney is the result of an inflammatory process^ 
and the possibility cannot be denied that such a mode of origin may 
occasionally occui, as, foi example, following the acute exudative 
lymphocytic or leukocytic nephritides of scarlet fever and of streptococcus 
infection, a possibility which even I myself have mentioned in my text- 
book But it is now, as a matter of fact, beyond the shadow of a doubt 
that the majority of the uncomplicated cases develop as a result of a 
vasculai disturbance, or, to be moie exact, from a sclerosis of the finest 
blanches of the lenal arteiy, beginning relatively early in life and 
leading secondarily to the formation of atiophic foci in the parenchyma 
and to hyaline degeneration of the glomeruli, with a resultant focal 
inactivity atiophy of the tubules belonging to them These facts, origi- 
nally bi ought foiwaid by Jores, have been thoroughly confirmed by 
Loehlem, Heixheimer, Fahr and Gaskell This is, therefore, no primary 
disease of the filter appaiatus, that is, of the glomeruli, but of the 
blood-vessels leading to the filter, a presenile arteriosclerosis of the 
finest blanches of the renal artery 

The old teaching of Gull and Sutton concerning the arteriocapillary 
fibiosis in the ^hed contracted kidney” is herewith agam brought to the 
front and properly honored But, indeed, what induces primary disease 
of the smallest arterioles is still an unsolved problem Is it only one 
manifestation of a general disease of all the smallest arteries (of the 
pancreas, retina, biain, etc ) ^ Oi does it precede all the others and only 
secondarily^ by reducing the volume of the afferent flow of blood to the 
renal filter, either reflexly oi chemically call forth a constant high blood- 
pi essure With its consequences, the classical cardiac hypertiophy and the 
sclerosis of the peripheral arterioles due to overwork and overuse ^ And 
if it does precede, to what is it then due’ Is it the lesult of a congenital 
inferioiity of the renal vascular apparatus, or is peihaps the filter 
relatively too small and its total diameter too narrow for the volume of 
its afferent blood-current^ Is it perhaps due to some specific effect of 
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the ingested food oi of endogenous nntants on the aifeient blood-vessels 
of the renal liltei ^ These aie the pioblems which are still waiting for 
solution, as is also the question concerning the relation of the entire 
process to the chiomaffin system Only one thmg seems certain, and 
that IS that the lenal sclerosis and contraction is primarily passive m 
nature, the result of the disease of the renal vessels In this respect 
this type of contract kidney approaches the arteriosclerotic, in which the 
disease, as one might say, spreads from the aorta outward into the 
individual branches of the renal aitery and so only induces an mactiiity 
atrophy of isolated, hut larger areas of the kidney parenchyma 

hTevertheless, the amount of the iilter uhicli is incapacitated because 
of the peiipheial disease of the renal vascular system in the genuine 
contracted kidney is far gieatei than that in the arteriosclerotic, and 
for this reason the latter does not induce such an outspoken secondary 
effect on the general vascular system and the heart The larger the 
amount of filter, that is, of glomerular tissue functionally incapacitated, 
the greater must be the circulation through the remaining filter tissue 
in regard to blood-pressure and speed of the current, in order to keep 
up the amount of excretion necessary for the organism This remaining 
filter tissue works on the borderline of its maximum functional capacity 
as long as its blood-supply is maintained at the proper speed and under 
a sufficiently high pressure Hence, the normal output of urinary fluid 
and even polyuria But it must be borne in mind, that although the 
kidney perfoims an increased uoik output, similar to that in cardiac 
hypertrophy, this always remains within definite limits and can, indeed, 
be chiefly increased by influencing the heart Tins accounts for the 
relatively limited power of accommodation in the poljniric vascular 
contracted kidneys Even the tubules that remain undamaged work 
more or less at their maximum This interpretation of the process at 
least permits us to explain the frequent, and often very marked com- 
pensatory hypertrophy of the lemaining glomeruli, as well as the remain- 
ing tubules, in such contracted kidneys 

The problem of the secondary contracted kidney is an entirely 
different matter, the primary factor is here an inflammatory change 
affecting the lenal filter apparatus itself The significance of this initial 
glomerular disease, attention to which had previously been called by 
Hauweik, v Kahlden, Eibbert, Eeichel, etc , has recently again been 
nartieulaily emphasized by Loehlein, and the subsequent studies of 
Gaskell, Baehr and others, have supplied ample confirmation of its 
importance But these inflammatory contracted kidneys do not alone 
differ from the genuine vascular conti acted kidne^^s in that the piimary 
seat of the disease is in the glomeruli One of their chief characteristics 
is usually the general involvement of the entiie filter apparatus by the 
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pathological change^ so that the leparative and the regenerative com- 
pensatory processes find mnch more difficulty in efilectmg a restoiation 
of the normal function For this reason the slightest over exertion, or 
even the physiological variations in lenal work may very easily cause 
the renal tissue to quit work, thereby inducing uiemia and the chaiac- 
teristic edema The clinical picture is usually dominated by a glomeiular 
oliguria, although if a sufficiently laige part of the filter has recoveied, 
this may give way to a polyuria And this polyuria, exactly like that 
accompanying the genume contracted kidney, depends on overwork of 
the remaining normal portions of the filter apparatus under the influence 


Table Showing Localization of the Action of Various Toxic Agents on the 
Urinifeeous Tubules op the Babbit’s Kidney 


Portions Generally 
Participating 


Kind of Poison 


« 

Portions Participating 
to a Less Extent 


Proximal Convoluted Tubule 
(Hauptstucke) 


Chromium 

Uranium 


Section 1 


Section 2 


Section 3 


Cantharidin 

Sublimate 

A 

V 

Uranium 

Cantharidin 

Chromium 

Uranium 


Sublimate 


Tiansitional Section 


Cantharidin 

Chromium 

Sublimate 


Ascending limb of loop and 
intercalary piece 


i 

I 


Intercalary piece and ascending 
limb of loop 

Ascending limb of loop and 
intercalaiy piece 


of an increased circulation through them, combined with an increased 
blood-pressure in the entiie general vascular system All our functional 
tests will actually test only these remaining normal portions of the filter 
apparatus which are working more or less at their maximum, and their 
particular vessels, but it mmst be remembered that they do not test the 
diseased tissue which is now lu the scar stage 

Here in the secondaiy contracted kidnej^, the tubular secietoij tissue 
connected with each diseased glomerulus is similarly put out of function, 
just as in the genuine conti acted kidney, but usually to an eien far more 
widespread extent 

The above consideiations indicate that in the severe foims of nepliriti': 
oliguria depends on a glomerular disease and not on a disease of the 
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blood-vessels Also the polyuiia, both in the nephritic as well as in the 
vascular contracted kidney, in so far as the histological findings seem to 
indicate, does not depend on a hj^ersensitiveness of the still diseased 
vessels, but on the increased woik of the undamaged vessels and their 
respective filter apparatus, or the only slightly damaged ones, or those 
•which have entirely recoveied from their damage 

These forms of poljniria, which I might teim compensatory or accom- 
modative in natuie, must be sharply distinguished from the acute 
iiritative polyuiias of toxic origin The latter depend on a local damage 
to the blood-vessel filtei apparatus, the former on a functional accom- 
modation, usually accompanied by simultaneous accommodative processes 
in the rest of the general vasculai system 

I hope that with these few examples I have made it clear that the 
pioblem of acute nephiitis is entuely different from that of the chronic 
nephropathies, just as m toxicology the problem of acute poisonings 
differs from that of the clironic In the acute nephritides we have to do 
with the question of an acute damage to pieviously noimal functions, 
in the chronic nephropathies the question is that of the possibilities for 
compensation and of a failure of these compensatory regulations The 
opportunity to penetrate moie deeply into these two problems and to 
brmg forth the solution has now been made possible by the recent 
advances in our knowledge concerning the normal structure of the organ 
and the experimental production of tubulai and glomerulai contracted 
kidneys 



STUDIES OU UEIC ACID OF BLOOD AND UEINE, WITH 
SPECIAL EEPEEENCE TO THE INFLUENCE 
OF ATOPHAN 


JA:MES S jMcLESTER, 'b.l D 

BIRMIXGHAII, ALA 

UntE Folm devised his recent coloiimetric method for quantitati\ely 
determining the uric acid of the bloody "we were very much m the daik 
as to the actual amount of this substance in circulation Abderhalden, 
in his text-book, states that the amount of uric acid m the blood is too 
minute for determmation The older methods, the cupric bisulphite 
method of Kruger and the silver nitrate method of Salkowski, are too 
crude and require too large an amount of blood for practical service 
Folm hints that Garrod must have drawn considerably on his imagination 
in his ‘'Thread’' estimates, and expresses the opmion that practical!}’’ all 
of the older statements in the literature as to the amount of uric acid in 
the blood, represent nothing more than guess-work 

This new method possesses two essentials it is remarkably accuiate 
and it requires comparatively small quantities of blood — from 15 to 25 
grams 

Biiefly, uric acid is piecipitated from the mothei liquor of a weighed 
amount of blood, and is agam brought mto solution in very small volume 
The uric acid thus obtained is treated with Folin’s phosphotungstic acid 
reagent and gives a beautiful blue color which can be compared in a 
colorimeter with a known standard uric acid solution I have found the 
Autenreith-Konigsberger colorimeter (in common use in the pthalein 
test of kidney function) admirably adapted to this purpose 

The accuracy of Folin’s method can be tested by adding, as he has 
done, a weighed amount of uric acid to sheep’s blood (which contains a 
negligible quantity of this substance) and then preceding as with human 
blood 

I 

Folm’s determinations of uric acid in the blood of unselected individ- 
uals on a mixed diet is the basis of the first accuiate statements in thi^ 
regard. His figures run from 0 T mg to 3 7 mg of uric acid m 100 gm 
of blood, the overwhelmingly larger number of cases giving values flora 
1 0 mg to 2 0 mg 

I vv’^ish to report a number of estimations on the blood of unselected 
healthy individuals on a puiin-fiee diet I have also made similai 

* Submitted for publication Aug 20 1913 

* Read in the Section on Practice of Medicine of the American :Medical Aceo- 
ciation, at the Sivtv-fourth "Annual Session, held at 3Iinneapolis June, 1913 
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determmatioiis m unselected cases of various diseases With one excep- 
tion, to which attention will be called, the individual was kept on a 
purm-free diet at least three clays before observations were begun 

TABLE 1 — ^Uric Acid Estimation in Normal Indhuduals 


jMg Unc Acid in 100 Gm Blood 


J c 

05 

R 

D 

13 

H D 

OG 

L 

S 

1 4 

M D 

OG 

L 

II 

1 7 

A B 

08 
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21 

K C 

00 

11 

H 

25 

H D 

09 

T 

U 

25 

J G 

09 

R 

E 

2 9 

S M 

1 1 





Wide vaiiations are seen in Table 1 The specimens of blood showing 
the smallest amounts of uiic acid weie taken from medical students 
leading lathei sedentaiy lives The thiec highest were from professional 
men, tlie highest fiom a very active civil engmeer 


TABLE 2 — Variations in Uric Acid in a Single Indwidual 


Blood 

t 

24-E 

[our Urine 


Jig of U 

* m 100 Gm 

Amt c c 

U Gm 

NIIjGm N 

N Gm 

3/20 

(Lost) 

1,375 

44 

36 

13 86 

4/ 2 

23 

1,700 

34 

C2 

12 58 

4/ 8 

25 

1,G50 

29 


9 02 

5/21 

24 

1,410 

39 


10 37 

5/27 

24 

1,GG0 

31 

60 

11 19 


U in this and follow mg tables means ui ic acid 

It has been known foi a long time that while diffeient individuals 
excrete in the twenty-four houis vaiying amounts of uiic acid, such 
elimmation for one and the same peison is faiily constant To ascertain 
whether the blood of a given individual on a purin fiee diet maintains 
at all times a constant uric acid content, the determinations of Table 2 
were made It appears here that while the uric acid of the mine laiies 
to some extent, that of the blood is remaikably constant 

I 

TABLE 3 — Uric Acid of Blood in Disease 


Mg m 100 Gm Blood 


Mitial lesion 

05 

Acute tuberculous pleuiisj 

1 7 

Rheumatic fever 

06 

Chr Inters! nephritis 

1 8 

Acute syphilis 

- 08 

Malaria 

1 8 

Chr tuberculous pleurisy 

08 

Pneumonia 

1 9 

Pneumonia 

12 

Uiemia 

2 1 

Pneumonia 

13 

Polycythemia 

22 

Sciatica 

1 3 

Graves’ disease 

2 5 

Typhoid fever 

1 4 

Pneumonia 

27 

Ulcer of stomach 

1 5 

Gout 

3 3 

Pneumonia 

1 6 

Arterial hypei tension 

3 3 

Amebic dysenteiy 

1 6 

Intermittent gastric supeisecietion 

3 7 

Neurasthenia ( ’ ) 

1 7 

Gout 

4 5 


Determinations were made on the blood of a numbei of unseleeted 
patients suffering from various diseases VHiile ratlier wade variations lu 
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Table 3 are seen, it is noted that gout, as has been pointed out by othei 
observeis, gives the highest values Whether oi not the patient showing 
the second highest amount of uric acid was a sufferer fiom the so-called 
gouty diathesis is an interesting question His disease has been called 
intermittent gastiic supersecretion foi want of a better diagnosis 

II 

Much discussion has been devoted to atophan (2-phenylchinolin, 
4-carbonic acid), a drug devised by Nicolaier and Dohin, and claimed by 
them to maikedly influence punn metabolism Humorous uric acid 
determinations with reference to the influence of atophan on the urine 
have been made by other observeis All agiee that this drug increases 
the line acid of the urine Various theories as to its manner of action 
have been expressed Hieolaier and Hohrn believe that atophan influ- 
ences, in some way, purin metabolism within the muscle and thus leads 
to increased formation and excretion of uiic acid So far as I know, no 
deteiminations of the blood uric acid, as influenced by atophan, have been 
made The accompanying tables detail certain changes noted in the uiic 
acid of the blood and urine in health and disease following the adminis- 
tration of atophan 


TABLE 4 — The Influence on Ubic Acid in Blood and Ueine or AxoruvN 

IN Health 


Date 

1 

! 

I 

Blood 
i Mg U m 
lOOrGm 

1 

1 

1 

1 Tw( 

i 

Amt 
c c 

entj^ Foi 

1 

U 

Gm 

ir Hour L 

Gm N 

1 

1 1 

‘line 

K 

Gm 

3/20 

1 


1,375 

1 

44 

30 

13 SO 

3/21 

A 


2,240 

57 

42 


4/ 2 


23 

1,700 

34 

62 

14 04 

4/ 3 



1,550 

35 

05 

12 58 

4/ 4 1 

4 1 

16 1 

2,450 1 

55 1 

73 I 

14 03 

4/ 8 


25 

1,650 

29 


9 02 

4/10 

A 

2 1 

2,333 

35 


15 54 

5/21 


24 

1,410 

39 


10 37 

5/22 

1 

1 8 

1,850 

72 

1 

1 


13 20 


In Table 4 the letter “A’’ indicates the day on which atophan ua<= 
given Two grams of the drug were administered in one dose and the 
blood obtained two hours later Following the admmistration of atophan 
quite a diop m the uric acid of the blood occurs, simultaneously an 
inciease m the total amount of urine with marked increase in it': mjc 
acid IS seen A slight increase in the ammonia and the total nitrogen of 
the urine also follows The increase m the total nitrogen, however doe= 
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not keep pace "with the inciease in the niic acid, and I think -we aie 
justified in concluding that atophan exerts a selective infiuence on the 
elimination of the latter 


TABLE 5 — ErrccT or Atophan on Exogenous Pubins 



1 

Blood 

lAventy-Foui Hour Urine 

Date 

R E 

Mg U id 
lOaGm 

Amt 
c c 

i 

U 

Gm 

KU, 
Gm N 

N 

Gm 

5/28 

Tam 

29 

1,150 

1 

4G 

58 

10 2G 

5/29 

500 Gm Thymus 
2pm Blood 
Tam 

500 Gm Thymus 

32 

1 

900 

GO 

G9 

10 9G 

5/31 

9am Atophan 
2pm Blood 

1 

1 1 

1,280 

75 

70 

j 

11 16 


In the observations leeoided in Table 5 the effect of atophan on 
exogenous purius is noted It is seen tliat the same decrease in the uiic 
acid of the blood, and increase m that of the urme, occurs, as well as the 
same changes in amount, ammonia and nitiogen of the urine as noted 
in Table 4 


TABLE 6 — The Influence of Atophan on Ukic Acid and Ubine in Disease 


Date 


Blood 
Mg U in 
100 Gm 

1 

Amt 
c c 

Uri: 

U 

Gm 

ne 

NH, 
Gm N 

N 

Gm 

5/24 

Sciatica 

1 3 





5/2G 

A, Sciatica 

09 





5/20 

Intmt gstr superscrn 

37 

880 

39 

74 

6 77 

5/23 

A, Intmt gastr super- 







scrn 

2 1 

1,150 

41 

82 

7 20 

5/12 

Aneurysm 

1 0 





5/14 

A, Aneurysm 

05 





5/ 9 

Clii onic interst nephi 

1 8 


1 



5/10 

A, Chr interst iieplii 

1 3 

1 




5/24 

A, Cont 

1 5 

1 




6/ 4 

A, Cont 

1 4 





5/16 

Gout 

45 

845 

32 

19 

4 17 

5/17 

A, Gout 

32 

1,225 

46 

32 

5 25 

5/31 

Gout 

33 

1,125 

33 

33 

8 28 

6/ 1 

A, Gout 

28 

1,550 

42 

41 

9 90 

5/26 

Graves’ disease 

25 

1,300 

36 


10 08 

5/27 

A, Graves’ disease 

* 1 6 

750’ 

33 


8 40’ 
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In Table 6 the effect of ato^Jhan on the niic acid of the blood and 
mine of patients suffering natli vaiious diseases is seen Its influence 
seems to be the same as m health 

Clinically, the drug produces in gout veiy distinct amelioiation of 
symptoms and decreases the size of the tophi In othei diseases, notably 
in one ease of sciatica, in two of chronic arthritis and in tu^o of acute 
rheumatic fever, no relief fiom pain oi other amelioiation of S3nnptoms 
was noted 

TABLE 7 — CojiPARATivE Detlkmin' axioms of Uric Acid 


Bate 

Blood 

Mg U in 
100 Gm 

Time 

Ui me 

Amt 
c e 

U Gm 

NH, 

Gm N 

K Gm 

5/27 


9 a m 

(365) 


( 087) 

(201) 

5/28 

24 

9am 

420 

072 


147 

5/27 


12 m 

(250) 


1 — 

(168) 

5/28 

1 2 

12 m 

780 

234 

122 

2 73 

5/27 


3pm 

(405) 



(179) 

5/28 

07 

3pm 

105 



1 02 

5/27 


6pm 

(200) 

( 065) 


(1 661 

5/28 

06 

6pm 

65 

010 


82 

5/28 


6am 

(440) 

( 167) 

( 236 ) 

(5 05) 

5/29 


Cam 

310 

170 

287 

5 33 


Table 7 represents ceitam compaiative determinations which weie 


made at thiee-hour intervals On a given day, starting at 6 00 a m , 
with an empty bladder, the urine was collected at three-hour intervals 
until 6 00 p m , and again at 6 00 a m the following day The figures 
in parentheses represent the determinations made on these specimens 
The next day the same procedure was followed, with certain additions, 
3 gni of atophan was given at 9 a m , and blood foi uiic acid determin- 
ations was obtained at this hour and every three hours thereafter untd 
6 p ni 

As a lesult of the administiation of three gi'ams of atophan the fol- 
lowing occurred 

In three hours (9 a m to 12 m ) the amount of uiic acid in the 
blood was cut in half, the amount ol urine passed during this period vas 
treble that of the same peiiod on the previous day, and the uiic acid 
simultaneously eliminated was more than trebled, the ammonia was 
doubled and the total nitrogen almost doubled In the next three hour« 
(12 m to 3 p m ) the uric acid of the blood was again cut in half, but 
the total amount of urine passed was very small and the uric acid of the 
urine veiy little more than on the previous day The ammonia and the 
nitrogen were less 
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In the next llnee-liom period (3 p m to 6 p m ) the amount of 
line acid in the blood remains the same, unusual oliguiia appeals, the 
line acid of the mine is remaikably low, the ammonia is i educed and 
the total nitiogen veiy much reduced 

It would thus appeal from Table 7 that atophan stimulates the kidney 
to unusual activity and causes the rapid elimination of a large pait of 
the blood uric acid This stimulation seems to he followed by a leaction, 
in which a lessened amount of work is done by the kidney, the lowest 
ebb of its physiologic activity being leaclied about nine hours after the 
administiation of the diiig 



Cliait showing compaiative amounts of uiic acid, NH 3 nitrogen and total 
nitrogen in blood and urine befoie and after the administration of atophan 
Dotted curve, without atophan, solid line after administration of 3 gm of the 
di ug 

CONCLUSIONS 

1 The amount of endogenous uiic acid in the blood of diffeient 
individuals vanes widely, yet, foi a single individual, this figure is a 
constant one 

2 (a) Atophan inci eases geneial renal activity, in addition, it exeits 
a selective stimulating infiuence on uric acid excietion (b) It simultn- 
neously reduces the uric acid of the blood (c) Its infiuence over uric 
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acid metabolism would seem to be limited to its powei of tiansfeniiig, 
by means of the kidney, nnc acid from the blood to the urme 

Note — Since the above was submitted for iiublication, Folin and Lvniaii Iiaie 
detailed in the Journal of Pharmacy and Therapeutics, 1913, iv, No G, similar 
experiments They reach like conclusions regarding atophan, i e “The results 
obtained in this patient furnish a striking illustration of the fact that phenyl - 
quinolin carbonic acid acts on the kidneys (Weintraud) and does not mobilize 
(Brugsch) deposited urates ’ 

Empire Building 



SOME FORMS OF URINARY NITROGEN AFFECTED BY THE 
ADMINISTRATION OF DESICCATED THYROID 
TO DEMENTIA PRAECOX PATIENTS ^ 


ELLISON L ROSS, RirD 

KAXlvAKPE, ILt 

In a piGMOus aitiele, I showed Gial indol-aoetic acid is fiequentlv 
piesent in the mine of dementia piaecox patients^ Later it was dis- 
coveied that in the case of two dementia piaecox patients the mdol-acetic 
acid was endogenous and not deiived diiectly from the tijptoplian 
ingested- Since theie has been much discussion as to the relation of 
dementia piaecox to the internal secietions and especially to that of the 
thyioid gland and since tlie administiation of desiccated thjrroid has 
given contradictory lesiilts as to its effect on nitiogen metabolism, it was 
thought worth while to determine the influence of the administration of 
thyioid piimaiily on the indol-acetic acid, and secondarily on the 
cieatmin and total urinai} nitiogen excietion 

PLAN OF TFSTS 

Foul women patients, classified as cases of dementia praecox, ueie 
selected They were all in appaiently perfect physical condition Their 
ages langed from 29 to 32 jears Their approximate aveiage weights 
veie 94, 96, 115 and 101 pounds During the test the patients weie 
kept out of doois about six houis a day and were taken for a valk of 
neail^' two miles dail}’- 

Tiie diet eacli day was constant in kind and quantity Patients M P 
and MOB received 6 3706 gm of nitrogen dailj’’ during the first seven 
days of the test and 6 4995 gm of nitrogen daily during the remainder 
of the time, in the form of coffee, milk, gialiam crackers, egg omelet and 
peanut butter The daily diet of Patients G G and A S contained 
9 2580 mn of nitiogen and consisted of coffee milk, graham ciackeis, 
a wheat breakfast food, giouud meat and peanut butter 

The length of the feeding test was thirteen days The second clay 
the daily urine was collected and analyses begun The eighth dax a 

^ From the Illinois State Psychopathic Institute 

* Submitted foi publication Sept 22, 1913 

1 Ross, Ellison L A Preliminary Note on the Excretion of Indol- Acetic Acid 
in the Urine, The Aeciiives Ikt Med, 1913, xii, 112 

2 Ross Ellison L The Souice of Urinary Indol-Acetic Acid m Two Dementia 
Piaecox Patients, The Akchhes Ixt Med, 1913, xn, 231 
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5-gram tablet of desiccated thyroid was given each patient before each 
meal and this was continued for six days The analyses were made 
before any of the urine was thirty-six hours old 

The Kjeldahl method was used for the total nitiogen deteimination, 
the Tolm method for ereatinm and my o^vn method, slightly modified, 
for the indol-acetic acid The method of detei mination of indol-acetic 
acid described in a previous papei^ was modified, in that after adding 
the nitrite and hydrochloric acid, exactly three minutes were allowed to 
elapse befoie adding the amyl alcohol, and the shaking with the alcohol 
was shortened to one minute The readings with the hemoglobmometei 
were begun exactly three minutes after the amyl alcohol was added 

The followmg Tables 1, 2, 3 and 4 gi\e the lesults of analyses of the 
daily urines 


TABLE 1 — Total Ueinary Nitrogen Excreted per Day in Grai^is 


Days With and Without 
Thyroid | 

i 

M P 

MOB 

G G 

A S 

Eirst without 

2 7945 

3 9379 

5 9840 

7 8285 

Second without 

4 0784 

2 9917 

6 1840 1 

8 0530 

Third without 

51973 

6 3867 

5 4540 ' 

14 3170 

Fourtli without , 

6 3867 

6 7932 

6 6881 1 


Fifth without 

5 3606 

7 0635 

6 3662 

1 9 0680 

Sixth without 

6 0861 

7 5744 

7 5580 1 


First with 

6 7718 

6 5612 

5 6615 1 

7 7330 

Second with 

5 4859 

4 3622 

7 5710 1 

9 3080 

Third with 

6 4445 

10 6415 

7 8365 

9 0190 

Fourth with 

6 4294 

I 7 3188 

i 7 7660 i 

12 3050 

Fifth with 

10 8638 ’ 

6 9152 

7 7800 1 


Sixth vith 

5 2370 

1 6 5549 

1 

1 

6 4150 1 

1 6 4260 

1 


TABLE 2 — Creatinin Excreted per Day in Grams 


Days llhth and Without 
Thyioid 

1 

M P ' 

1 

MOB 

G G 

1 

B 

First without 

0 3773 

0 5918 

0 5526 

0 6801 

Second without 

0 6904 

0 0046 

0 6621 

i 0 8892 

Third without 

0 7502 

1 1097 

0 7970 

1 0 9788 

Fourth Avithout 

0 8295 

0 8532 

0 8085 

' 1 0480 

Fifth without 

1 0 6987 

1 0 8826 

0 6277 

0 9068 

Sixth nithout 

0 7973 

OSG04 

0 6648 

0 7778 

Fust nith 

0 8413 

0 7442 

0 6528 

1 0084 

Second with 

1 0 8406 

I 0 5058 

0 8564 

0 9788 

4 hud with 

J 0 8562 

1 2240 

0 8599 

1 0221 

Fourth with 

0 8223 

0 7642 

0 8108 

0 8984 

Fifth with 

08850 

0 8136 

0 8100 

0 8484 

Sixth nitJi 

0 7320 

1 0S6SS 

0 6102 

0 9962 
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TABLE 3 — iNDOir A cetic Acid Excreted per Dat in Grajis 


Dajs With and Without 
Thyroid 

M P 

ll 0 B 

G G 

A S 

First vithout 

m 




Second without 



MilECliW 


Thud without 



mimm 


Fouith without 

mLmM 

^■SbiS 



Fifth vithout 

0 1002 

0 1003 



Sixth without 

0 1633 

0 0062 

mmWm 


Fust uith 

0 1838 

0 0680 

0 1382 


Second with 

0 1372 

0 0715 

0 1550 


Thud -with 

0 1997 

0 1029 

' 0 2125 


Fouith -with 

0 1548 

[ 0 1907 

1 02031 

0 2482 

Fifth vitli 

0 1723 

0 1905 

0 3533 

0 3763 

Sixth with 

1 0 1442 

0 2420 

0 2489 

0 4042 


TABLE 4 — Weight or Patients in Pounds 


Days With and Without 
Thyroid 

IM P 

0 B 

G G 

A S 

First without 



115 00 

100 75 

Seconil without 



114 00 

100 75 

Third vithout 

94 50 

90 52 

115 00 

100 75 

Fourth Avithout 



114 75 

100 50 

Fifth without 

94 25 

90 00 

114 00 

100 50 

Sixth without 



114 00 

100 25 

First with 



114 00 

100 00 

Second with 

94 10 

90 25 

113 50 

100 00 

Third with 

94 10 

94 75 

112 50 

99 75 

Fourth with 

92 25 

93 75 

112 50 

99 50 

Fifth witli 

92 00 

93 00 

112 00 

99 50 

Sixth with 

92 00 

93 00 

112 00 

99 50 


RESULTS OF TESTS 

Due to the fact that the entire cooperation of the insane patients 
could not be obtained;, a sharp division of the urine pioduced in one day 
from that produced during the following day could not be made This 
in part explains the iiregularity of the daily results observed in Tables 
] to 4 Since the irregularities of the daily results make it difficult to 
see any general increase or decrease in the outputs;, the average daily 
lesults for peiiods of three and six days (Tables 5, 6 and 1 ) have been 
calculated 
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TABLE 5 — Aveeage Daily Total Ukikart Nitrogen Excreted per Period 

IN Graais 


1 

Days Witli and Without 
Thyroid 

M P 

MOB ! 

1 

j 

G G ' 

A S 

First three without 

4 3234 

1 4 4388 

5 8740 

10 0662 

Second three without 

5 9445 

7 1437 


8 3895 

Six without 

5 1339 

5 7612 

6 3724 

9 2278 

First three with 

6 2341 

7 1883 


S 6866 

Second three with 

7 5101 

6 9296 

7 3203 

i 9 3000 

Six with 

1 

6 S721 

7 0589 

7 1716 

1 

8 9933 


TABLE 6 — Average Daily Creatinin Excreted per Period in Grams 


Days With and Without ' 
Thyroid 

1 

1 M P 

I 1 

1 MOB ^ 

1 1 

G G 

A S 

1 

First three without 

— 

0 7687 

■n 

m 

Second thiee without 

mmim 

0 8674 



Six Avithout 


0 8180 



First thiee with j 

0 8480 

0 8249 


BfmB 

Second three with 

[ 0 8131 

0 8155 

0 7437 

BiPB 

Six witli 1 

0 8304 

0 8202 

1 0 7667 

IBI 


TABLE 7 — Average Daily Indol- Acetic Acid Excreted in Gruis 


Days With and Without 
Thyroid ] 

M P 

M 0 B 

G G 

i A S 

1 

Fust three without 



■Hi 

0 2030 

Second three without 

BBwB 


BfmB 

02284 

Six without 


BlrSB 

BfRW 

0 2157 

Fust three with 

BfftW 

BfmB 

BffftB 

0 3739 

Second three with 


■MM 

BPPW 

0 3421 

Six with 


■1 

Bi 

0 3584 


DISGUSSIOA^ OF RESULTS OF TESTS 

E\eii the results foi the three-day periods do not follow a legulai 
tiend m all cases,, as is shown by Tables 5, 6 and 7 iSot in all case= 
do both tluee-day periods of the same six-day period agree A geneial 
inciease in the outgo of the urinaiy nitiogen cieatmin, and indol-aeetic 
acid, however, is shown in all foui cases with one exception in the case 
of A S as legal ds the total uiinaiy nitrogen This patient u as peculiar 
also in that the absolute quantities excreted were much largei than lho=e 
excreted by any of the other patients and the dail} laiiations were 
especially large 
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The averages for the thyioidless and the thjToid period show dis- 
tincth^ the same inciease Table 8 will make this point clear 


TABLE 8 — Ratio of the EEmiivATiONS Dubing the Period without Thyroid 
(Taken as 1) to Those During the Period with Thyroid 


! 

M P 

! 

:m 0 B ’ 

G G ' 

A S 

j 

Total unnaiy nitrogen 

1 338 

1 225 

1 125 


Cieatimn 

1 202 

1 002 

1 118 


Inclol-acetic acid 

1 051 

1 129 

1 421 

■m 


These lesults on the total niinaiY nitiogen agiee with those of a 
nnmbei of investigators The increase of the elimination of creatinm 
resulting from the administration of thyroid agiees with the results 
obtained by Pfeitfei and W Schulz 

lable 4 shows the giadual loss of weight of all of the patients during 
the test This, accoiding to the obseiiations of man 3 % would be expected 
In these mstances, howevei, the loss of weight cannot be said, with any 
certaint}^ to be due to the thyioid alone It may liave been due, partially 
or wliolly, to paitial inanition The daily intake of protein by each 
patient, calculated as usual, was in the case of Patients M P and 
M 0 B , 3.9 8 gm during part of the time and 40 6 during the 
remamdei In Patients G G and A S it was 57 9 gm These amounts 
are not consideied sufiScient by most authorities They were all that 
these patients could be induced to eat regularly, however, the weather 
being hot and oppiessive 

The protein intake in these cases has an important bearing on the 
Intel pretati on of the lesults on urinaiy nitrogen, creatiiiin and mdol- 
acetic acid It is well known that duiing inanition the total urinary 
nitrogen and the endogenous nitrogen is decreased If these patients 
weie in a state of partial fasting, this alone would tend to decrease the 
total urinary nitrogen and endogenous nitrogen Therefore there is a 
possibility that the thyroid has exerted a mueh stronger influence than 
IS apparent 

CONCLUSIONS 

The administration of desiccated thyroid to these four patients with 
dementia praecox caused (1) an inciease in the output of total urinary 
nitrogen, (2) an increase in the output of creatinm, (3) an increase 
in the output of indol-acetic acid 


3 Deutsch Arch f Idin Med , 1899, Ixiii, 369 









MOEPHOLOG-Y OP THE BLOOD IF EPIDEMIC PAEOTITIS 

JOSEPH H BAEACH, MD 

PITTSBXJEGH, PA 

Peibaps it IS because of our general disregard of its importance as a 
disease that so little rroik has been done on the moiphologj^ of the blood 
in epidemic parotitis From such a viewpoint it is tiue that a peifect 
knowledge of the pathological phj^siology of the disease is of compaiative 
little import But this disease, it has been observed, is accompanied by 
a lymphocj'tosis, and the pioblem of tymphocytosis is an mteiesting and 
important one The blood-picture of this disease is also of distinct 
lalue in differential diagnosis 

A perusal of the liteiature on the blood-picture in this disease shows 
it to be very fiagmentary, so that there is need for summaiizing and a 
piopei con elation of the results obtained by the various observers 

Since the work of Wile,’- I have been unable to find any notewoithy 
contiibutions Wile’s bibliography refers to the work of Cabot,- who 
notes an absence of leukocytosis in this disease Sasquepee® notes a 
slight leukocytosis, low polynucleais, in ci eased mononuclears, a decreased 
eosmopli]! count and in complicating orchitis a leukocytosis Kiestnikow^ 
lecords a lymphocytosis, mononuclear increase, and in complicating 
orchitis a polynuclear increase Pick® found a leukopenia, increased 
mononuclears, deci eased polynucleais and deci eased eosinophils, in the 
orchitis a leukopenia Tuiek® found a leukocytosis and eosinophiha 
Wile found a lymphocytosis relative and absolute, eosinophils first 
lessened, latei increased, poljnuclears vaiymg with the mononuclears 
Complicating orchitis causing a tendency to polynuclear increase 

From these findings it appears that theie is manifestly a lack of 
agreement among the observe! s as to what is the actual blood-pictuie 
Some of the observers record a leukocytosis, while the others did not find 
it A like diffeience of opinion exists with regaid to the mononucleai^ 
and the eosmophils 

* Submitted foi publication Oct 21, 1913 

1 Wile Arcb Pediat , vmii 674 

2 Cabot Clinical Examination of the Blood (Ed 5 ) 

3 SacquCp66 Arcli de mod expcr 1902 

4 Krestnikon TliDse de St Petersburg 1902 

5 Pick Wien klin Bundscbau 1902 

G Turck Verlialten des Blutes bci acutcn Infections Krankheittn 
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In this wolk, as in my woik on pertussis/ I aimed to determine the 
successive changes in the leukocyte foimula hy studying the same cases 
thioughout the disease, and aftei it had subsided, con elating these 
findings with the daily clinical notes 

l^rATERIALS 

The eleven patients who come into tins eonsideiation weie lesidents 
of the Industiial Home foi Cnppled Childien, langmg in age from 9 
to 20 yeais Five of them weie males 

Their general health had ineviously been good, and they were all 
flee fiom such other disease activity at the time this epidemic appealed 
as might affect then cell counts 

PHECAUTIONS 

Tlie specimens veie taken about an houi befoie meal time, thus 
avoiding a digestive leukocytosis Another piecaution was the counting 
of blood taken fiom both the lobe of the ear and the finger On account 
of the pi oximity of the usual site for getting the specimens to the ai ea 
of pathologic activity, it occuiied to me that possibly the blood in such 
an hjperemic zone might be influenced moie oi less But in a number 
of cases the blood-pictuies weie piactically the same in both specimens 

METHOD 

The first blood -count was made just a <5 soon as the cases weic 
suspected At this time theie was slight enlargement of the ceivical 
and suhmaxillaiy lymph-nodes and perhaps a slight use in temperatuie 

The second count v as made on full development of the swelling, and 
the thud when the temperatuie i cached noimal and the swelling was 
subsiding Usually the temperature reached noiinal seveial days before 
the swelling subsided After that, one oi two counts weie made at 
Intel vals of a week 

conthols 

It was impossible to get control counts prioi to the onset of the 
disease, as there was no way of knowing who was exposed , but control 
counts were taken six months aftei the disease subsided when the 
children were in good health 

As a working formula foi what should have been normal foi these 
children, I assume that a leukocyte count of 8,000 and polynuclear of 
72 per cent, lymphocytes 22 per cent, laige mononuclears 3 per cent, 
transitionals 1 pei cent , eosinophils 2 per cent , is about normal If we 
count the lymphocytes and large mononuclears togethei, we have a 
mononuclear count of 25 per cent, and Iherefoie 2,000 mononuclears to 

7 Barach, Joseph H Morphology of the Blood in Pertussis, The AEcnivES 
INT Med , 1908, i, 602 
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the cubic millimete] If a patient had 3,000 mouoniicleai s, the figuics 
lead 50 per cent inciease and so on 

TOTAL LEUKOCYTE COUNTS 

At the onset of the disease, when the patient is having mild con- 
stitutional symptoms and enlaigement of submaxillaiy glands, but has 
not yet de\ eloped paiotid swelling, the examination in two cases showed 
a leukopenia One patient of 13 I'ears showed a leukocyte count of 
5,280 per c mm , another of 20 years had 5,200 leukocytes 

During the height of the disease, when the paiotid gland is swollen 
to its maximum, in the entiie senes the laigest count was 7 800, Ihc 
lowest was 4,000, the aieiage being 5,700 pei cniin This avciage n 
lower than my findings in a senes of 150 ca'^es of typhoid fever, in which 
leukopenia is one of the chaiactenstic featiiies On studying the tem- 
peiatiire charts and clinical notes in these cases I find that those which 
had xhe highei fever and gi eater parotid iniolvement showed the most 
maiked leukopenia In five cases in ivliich the palients had most of the 
involvement on one side at the time of the examination, the count 
langed between 6,100 and 7,800 pei c mm In the lemaining six, in 
whom both sides were equally laige, and mncli laigei than in the niii- 
lateial cases, the counts langecl between 5,000 and 5,680 pei cmm 
Leuhocyte Count When Sivelhng B,ecedes — By the time the paiotid 
swelling was maikedly diminished, which usually occuired between the 
fifth and seventh days of the disease, almost imanably the leukocyte 
count shoAved a cell inciease 

Leulocyte Counts Aftei Swelling Subsided — In the counts made 
about a iveek aftci the swelling had subsided, tlie number of leukoc] tcs 
seemed to vaiy, upivard in half and down in the otheis In the fiist 
half the leukocytes steadily increased towaid the noimal In the otliei^, 
then numbei oscillated 

LeuLocijte Count Sn months Latei — At this time ulien the childieii 
weie all in their noimal health, the leukocyte counts in eveiy iii'^tance 
Avas considerably higher than duiiiig the activity of the disease The 
aAeiagc foi the series being 7,920 per cmm as compaied with 5,700 
pel c mm dm mg the activity of the disease 

Polynudeais — In not one case Avas theie an absolute and relatne 
inciease of tliese cells thioughout the attack Tim cases did ‘^hov a 
lelatiAe inciease in the earlv days of the disease 

In all cases as the parotitis subsided the poljnuelears mci eased 
toAiaid their noimal nuinbei Latei counts slioued iiiegulant} as to tlie 
numbei of cells, but the counts iieie alAAa3s highei than dming tlie 
actiA itv of the disease 
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Monomicleais — These weie conslanll)’- above noimah except in two 
cases, which show^ed a deciease eaily m the disease 

The two exceptions behaved as follows At the fust three counts in 
one case there Mas a deciease in monomicleais of 5 per cent to 2 pei 
cent and 10 per cent, vliile the tliiee folloMing counts showed an 
increase over noimal of 33 per cent, 75 pei cent and 75 per cent 

In the second case a yoxmg lady of 20, the mononuclears were 
decreased 25 per cent and 5 per cent at the first and second counts, 
but the thud and fourth counts gave an increase of 5 per cent and 30 
per cent in the mononucleais These appear to be cases in which the 
blood reaction to the disease is delayed 

The Bosxno'pMls — Nearly all cases shouted more of these cells after 
the disease had subsided than during its activity But the total numbers 
and their proportions did not seem to present any definite course 

Othei Cells — Tiausitionals and mast-cells did not seem conspicuous 
in any of the counts Noi did I notice any pathologic leukocytes, such 
as are occasionally found 

This series presented no opportunity for ohseiiing the effect of the 
complications of the disease on the blood formula 

SUMiMARY 

In uncomplicated cases of epidemic parotitis the leukocytes are 
affected in the following manner 

By the time the disease has manifested itself — even though the 
parotitis IS not yet dei eloped — a leukopenia is present The number 
of lymphocytes is moderately increased and the polynuclears have fallen 
below normal "WQien the parotitis is fully developed there is a marked 
leukopenia, most marked in the cases with the higher temperature and 
greater parotid involvement In this leukopenia the poljmuclears aie 
relatively and absolutely deci eased, the mononucleais aie relatively and 
absolutely increased 

As the disease subsides the total number of leukocytes, the poly- 
nuclears and mononuclears i evert toward their normal proportion The 
eosmophils, which are scarcely seen during the activity of the disease, 
are found in about then usual numbers as the blood returns toward the 
normal 

4502 Fifth Avenue 
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Tlie study iieie lepoited was begun a yeai and a half ago It was 
undertaken primaiily with a view to determining whether or not a critical 
analysis of a large group of histones of peisons with high blood-piessure 
would disclose any hitherto unsuspected relations between the symptom's 
01 evidences obtained by objective examination and the subsequent course 
of the disease;, on which a more exact prognosis might be based The 
results of the study were reported^ in part befoie the Section on Piactice 
of Medicine of the American Medical Association in 1913 During the 
year thal has elapsed since then it has been possible to obtain accuiatc 
information about a much larger proportion of tins group of patients 

I MATERUL STUDIED 

The mateiial studied consists of the case histones of pm ate patient=: 
examined bj’’ my father oi myself dining a period of appioximately nine 

^ From the Department of Practice of Medicine, College of Pliysician'^ and 
Surgeons, Columbia Unnersity, New York 

*Read before the Association of American Physicians, Washington, D C , 
May 8, 1913 

* Submitted for publication, July 24, 1913 

1 Janewav, Theodore C A Study of the Causes of Death in 100 Patunt= 
uith High Blood-Pressure Jour Am Med Assn, 1912, lix 2100 
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years, fioni the time Avhen I began to make loutine blood-pressure obsei- 
vations with the use of the wide armlet m 1903 until June, 1913 These 
histones are almost entirely the records of persons belonging to the 
well-to-do classes of society A number have been observed personally 
over the whole period, but foi the most part the information as to the 
subsequent history and the date and cause of death was obtained from 
the family physician oiiginall}'' lefeiiing the case or from his successor 
in charge of the patient It is a pleasuie to acknowledge the hearty 
cooperation received from many physicians thioughout the country 
Their careful answers to the inquiries made give this study much of 
its value 

An analysis of such a Upc of mateiial has obiious defects as well as 
advantages It is cleai that the diagnoses of the causes of death, almost 
all unchecked by necropsy, hare only such a degree of probability as one 
ma} expect from a gioup of general practitioners This source of inac- 
curacy, Iron ever, was greatl}^ minimized by the grouping which I adopted 
On the question sheet sent to the physician I asked whether death had 
been b}”" cardiac insufficieiic}’', uremia, apoplex}% acute edema of the lungs, 
gradual anemia, pericarditis, by complicating acute infection or some 
uni elated disease, with a lequest foi details The weakness of a method 
of this kind is revealed by the fact that in only a single case, and that a 
patient seen by myself in his last illnes';, was pericarditis diagnosticated 
For the investigation of pericarditis in patients with h 3 q)ertension only a 
study of necropsy material is permissible Of the other diagnoses, the 
majority are clinical rather than anatomical, and they may for the most 
part be accepted at their face value Only m the discrimination between 
certain tjqies of uremia and apoplex}’- is decision difiBcult It is highly 
piobable — and this was well brought out by Cabot’s study of three 
thousand necropsies- — that apoplexy is the real cause of a certain number 
of deaths set down to uremia In the consideration of my statistics, 
therefore, it must be assumed that the number of patients reported as 
dying of apoplexy is almost certainly below the true number, and that the 
total deaths credited to uremia contain the difference and aie in excess 
of the facts As in their other relations these two groups show many 
similarities, they can often be considered together, and the error then 
falls out of consideration A small number of patients weie said to have 
died ^^suddenly,” without further details being given , no attempt has been 
made to classify these deaths further 

Questions were a%ed as to the existence oi non-existence of ceitam 
clinical siTuptoms , these were an additional check on the diagnosis of the 
cause of death The only statistical use which I have made of the 
information obtained from other physicians as to subsequent symptoms 

2 Cabot, R C Diagnostic Pitfalls Identified During a Study of 3,000 
Autopsies, Jour Am Med Assn , 1912, lix, 2295 
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has been in the study of the incidence of hemiplegic attacks The eirois 
here will all be errois of omission 

For the purpose I had in view^ it seems to me that the advantages of 
a study of such piivate patients far outweigh the defects The fads most 
necessary were the fiist symptom and the prominent early symptoms 
exhibited by the patient To obtain reliable infoimation on these point'; 
requires both an intelligent patient and a physician expeiienced m taking 
histories with reference to the paiticular points involved It is evident 
that the conditions were fulfilled from the side of the patient So far as 
the otiiei factor enters into the situation, the vast majority of the histones 
were taken by mj^self and the remainder by my fatliei The earlier ones 
aie less complete in their information on some points than those taken 
after I had begun to make my case records with the definite object of 
their subsequent scientific utilization Here, again, undoubted eiiors of 
omission exist, and it is probable that some of the symptoms of a nimoi 
nature are less completely repiesented than conspicuous symptoms such 
as severe dyspnea, anginal attacks or edema of the lungs Apait fiom 
this, the omissions are probably Xaiily evenly distributed throughout the 
earlier histones and will not lead to substantial inaccuracies 

The physical examinations included in these statistics weie also made 
by my father or myself In this way, any errors due to the personal 
equation are practically a constant throughout all observations, and can 
thus be neglected For a satisfactory study of prognosis, only such 
private mateiial can be used A study of symptoms from hospital lecords 
IS so defective as to be of little value In the first place, ward patient'; 
are largely unintelligent and unobservant, and early symptoms are apt to 
pass unnoticed In the second place, hospital historians are inexperienced 
and vary greatly in their ability and the caie with which they interrogate 
the patients In this way, a series of lecords running over any considei- 
able period of years would be uneven in character, the personal equation 
being a wholly unknown factor Finally, it would be piactically impos- 
sible in our hospitals to obtain more than a fraction of the subsequent 
infoimation which I have been able to collect about these patients If 
fuithei argument is needed in defense of the use of such clinical matenal 
lacking necropsies, for a study the aim of winch is chiefly progno';i=, I 
cannot do better than to quote the fiist student of the h}perten';ion 
problem, Eichard Bright ^ 

Another very impoitant question is the length of time winch this di=case may 
exist in the constitution before it runs to its last final period and although 
our expel lence m the hospital is great, the point of duration is yet undetermined, 
for with all the advantages uhich an hospital affords for the multiplied accumula- 

3 Bright, Eichard Cases and Obseiiations Illustrative of Eenal Di=e.yo 
Accompanied vith the Secietion of Albuminous Urine, Guys IIo^p Eep ISoG, 

1 338 
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tion of facts, there aie some points on Ailnch the information derived from its 
wards is defective and eien apt to he eiioneous, and among these may he reckoned 
one of gieat impoitance, the piohable diiiation of life, under any disease If a 
case IS much lelieved, the hospital ph}sician loses sight of it, and in all prohahility 
sees it no more, knouing nothing of futuie relapses or of the ultimate result 
On the othei hand, a veij-- laige propoition of his cases are anived at the most 
advanced stage of the lespectne disoidcis the circumstances liaAC been such as 
to lender them inatientnc to the earhei indications of disease, and it is only 
uhen they can no longer pursue their laborious occupations, that they are driven, 
too late, to seek lelicf ITence the phjsician is liable to form a urong estimate 
of the progress of the disease under more faiorable circumstances, and it is 
necessary to correct his iieus by a compaiison uith the history and lesults of 
private piactice 

There has not "set, perhaps, been sufficient time, since this disease of the 
kidneys fiist atti acted attention, to say to uhat e\tent life may be prolonged 
while the bodj' is undei its influence, but I belieie, uitli caie, its fatal eflects may 
be kept at bay, and a hazardous life maj be pi oti acted for manj’^ yeais Should 
that care be neglected, the chance of life will be grciitly diminished 

The total numbei of my case lecoids for the nine yeais was 7,873 
Of these, 870, oi 11 1 per cent, showed at some time a systolic blood- 
pi essuie of 165 mm Hg or over I have chosen to considei onty piessuiea 
above 160 mm, because theie is now substantial unanimity of opinion 
that, taken with the wide aim band, such pressures aie alwat s pathological 
The extensive life-insurance statistics of Woley and Fisher bear this out, 
I have always been convinced of it ^ Cook® believes that 150 mm will 
eventually proie the upper limit of normal systolic arteiial piessure, and 
I am inclined to believe him right, when leadings aie made with care to 
exclude temporaiy factois "R'lien patients are seen but once, one cannot 
be ceitain of this Therefore, it is wise to exclude fiom consideration 
all patients who have not had a systolic blood-pressuie of 165 mm oi 
over In addition, systolic pressures as high as 165 or 170 mm aie not 
infrequent m patients with severe cardiac insufficiency, in exophthalmic 
goiter, and at times in aortic legurgitation, and are seen transiently 
without a satisfactory explanation My total group of 870 patients 
includes a number of instances of what seemed to me tempoiaiy h 3 ’'pei- 
tension, not associated with the type of disease which is the subject of 
this paper These eases weie eliminated fiom consideration, and no 
attempt was made to obtain information about them 

Willie I have diastolic readings m practically all cases, they were by 
different criteria at different stages of the study, and are not strictly 
comparable with one another In addition the consideration of them 
would so much further complicate the large amount of statistical work 
embodied that I have omitted the diastolic piessure entirely from 
considei ation 

4 Janeway, Tlieodoie C The Clinical Study of Blood-Pi essui e, hfew York, 
1904 

5 Cook Blood-Pressure m Prognosis, Med Bee, New York, 1911, Ivxx, 959 
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Of the remaining cases, I was able to obtain definite mfoimation up 
to June, 1912 of 458 Tins group of 458 patients foiins the basis of 
the statistical analysis which follows 


II SEX DISTRIBUTIOlSr 

The total gioup of 7,872 patients contained 4,660 men and 3,212 
women, the percentages of men being 59 2 and of women 40 8, oi 18 4 
per cent more men than women This prepondei ance of men is piobablv 
largely dependent on the fact that nciihei my father iioi I have eiei 
engaged in obstetiical oi gynecological piaeiice The gioup of 870 
patients with high pressure contains 543 men (62 4 pei cent ) and 327 
women (37 6 per cent ), a preponderance of 24 8 pei cent foi the men 

The group of 458 patients that I have consideicd as having had 
permanent hypeiteiision was made up of 307 (67 per cent ) men and 151 
(33 per cent ) women The prepondei ance of men with high blood- 
piessure ovei women is, therefore, 34 pei cent, as against 18 4 pei cent 
for all the patients obseiAed during the nine-year peiiod Subti acting 
the latter figuie fiom 34 per cent, leaves 15 6 per cent as the appaient 
extia incidence of hypertensive disease in the male sex Even takiim 
the group of 870 patients who had at any time a blood-piessuie of 165 
mm or more, the male piepondeiance by the same circulation is 6 t 
per cent 

It seems clear, theiefore, that the diseases associated with persistentlv 
high arterial pressuie are decidedly more common in men than m women 
In all the analyses, figuies foi the men and women have been tabulated 
sepal ately and sepaiate cmves have been diawn for the two sexe'? 


Ill PKOPORTION OP LIVING AND DEAD 

Ot the 458 patients, 212 (46 3 per cent ) men and women had died 
by June, 1912, and 246 (53 7 pei cent ) weie living Sepaiating these 
by sexes the figures are as given in Table 1 


TABLE 1 — 458 Patients with High Blood Pressure 




r — — 

-Living --i 

/ 

-Deceased ^ 


Whole No 

No 

Per Cent 

No 

Per Cent 

Men 

307 

144 

40 9 

103 

53 1 

Women 

151 

102 

07 5 

49 

32 5 


Prepondei ance 
Pei Ceni 

f) 2 deccTced 
So 0 In in'? 


Hi/Terence 


240 


2(7 0 


210 


20 0 


This table bung® out seveial stiiking facts 1 The numbei of men 
who had died by the aibitiai}’’ date chosen for the completion of tlie 
statistics, June, 1912, was 6 2 per cent in excess of the numbei ==til] 
living 2 Eoi the womeiy the excess was 35 pei cent in the othci 
diiection, many moie women weie living than had died In the 'anie 
way it IS seen that 20 6 pei cent more men tlian women Iiad died duini" 
the same period 
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It IS hardly possible that accidental circiim«dance5 or differences in the 
distribution of men and women beh^een earlier and later years of the 
nine-year period could account for so extreme a \ananon- I ha-ve always 
had the impression that the expectancy of life m women with arterial or 
renal disease was greater than in men This anah'sis gives such impres- 
sions an objective foundation in fact I am inclmed to attribute this 
preponderance to the difference in mode of life, and especially m the 
demands made on men and women be their social environment m a group 
of such prnate patients Women are far better able to shield themselves 
from mfluences leading to sudden rises of blood-pressure with the attend- 
ant danger of apoplexy and cardiac over=tram In general, they can 
accommodate thcmsches more ea=ily to the t}*pe of life best fitted to limit 
the progress of arterial and cardiac disease 


rv IGE niSTRIBUTIOX 

Tor 44G of the patients the ages were kno’ivn lliese ages grouped by 
decades are shown in gi aphic form in Chart 1 



It IS clear that the three decades from 40 to 69 years contain between 
80 and 90 per cent of all the cases The exact proportions are given in 
Table 2 
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TABLE 2 — ^Ages Between 40 and 69 of 446 Patients, in Pekcentages^ 

Males Females 

Deceased 84 1 79 6 

Living 80 6 87 3 

* The peicentages are computed on the basis of the totals in each case, that is, 
total number of deceased males, etc 

Eoi eveiy gioiip, the next largest numbei of cases falls in the period 
of fiom 70 to 79 years The number of patients over 80 is gieater than 
the nuinbei below 30 This is, of couise, in general conformity with all 
vital statistics apoplexy, Bi ight’s disease and heart disorders, under one 
of uhieh categoiies these cases would be leported, show their greatest 
incidence above the fortieth j^eai On fche other hand, these ages I believe 
are consideiably higher than would be found in a similar numbei of 
patients with high blood-piessure dying in hospitals Bright® tabulated 
the ages at death in seventy-foui of his patients as given in Table 3 


TABLE 3 — Buigiit’s Classification of Ages at Death of 74 Patients 


Ages 

8 yeais 
Under 30 years 
Fiom 30 to 40 yeais 
Fiom 40 to 50 years 
Fiom 50 to 60 yeais 
Ovei 60 yeais 


Numbei 


1 

19 

16 

21 

13 

4 


514% 


24 


The diffeienee between the two sets of figuies is very staitling 48 6 
per cent of his patients died befoie leachmg the foitieth yeai In 
commenting on these cases. Bright lemaiks 

The youngest, whose age is given, is only 8, and theie is one advanced to 73, 
showing, theiefoie, that neithei youth noi age is exempt from this disease, but 
that it has cut off the gieater pait of its victims befoie the middle period has 
been attained 

Bright, of couise, was dealing with cases of nephiitis, acute oi 
chionic, terminating fatally in a laige London hospital These patients 
did not all have hypei tension, as is clear from his figures as to the pro- 
poition with hypei ti opined hearts They therefore represent some 
patients with the type of disease which I am considering, together with a 
group of the less chronic foims of nephritis Even then, the very large 
propoition of peisons under 40 yeais of age leads one to ask whether the 
disease fiom which all these young adults died has not become distinctly 
less common duiing the past seventy-five years, owing to changes in the 
hygiene and habits of the community It is difficult for me to resist 
the impiession that this is true 

6 Bright, Richard, Oases and Observations Illustrative of Renal Disease, 
Accompanied witli the Secretion of Albuminous Urine^ Guy^s Hosp Rep , loSG, i, 
400 
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I know of no published stati'^lies with winch mine aie really com- 
parable Smith/ in 2,000 consecutiie necropsies at the Massachusetts 
Geneial Ilospital, found 442 showing some aiteiioselerosis Of these, 
21 3 pel cent Mere hetueen <10 and 50 yeais of age, 29 per cent between 
50 and 60, and 25 8 pei cent between 60 and 70 — in all, 76 1 pei cent 
of the 442 Tlie number of patients d 3 ung at 70 and over urns double the 
numbci dung belou -10 vcais of age In my statistics, however, theie 
Meie three times as many of the aged as of those d 3 nng before the fifth 
deeade The difleienee is mainly made up by the large number of 
patients in his gioup (19) ivitli aneui^sm, shoiving an average at death 
of 45 3 'eais, as against an a\eiage age of his cardioienal gioup of nearly 
55 3 eais of his cerebial group d 3 nng of apoplexy of 60 3 'eais, and of the 
patients d 3 ing of gangiene of 65 3 oais Foi the most part the aneni 3 "sm 
patients umuld not ha^e shoivn 113 pei tension duiing life 

I wish to call attention to the disci epancy betu’cen the aveiage ages of 
the men and fhe women m my statistics, and the median for the ages of 
tile tivo groups There ^eems no question that the median is much moie 
impoitant tiian the aveiage age fiom the pomt of Mew of prognosis, 4ie 
median indicates a real tendenc 3 ^ Fiom it, it is evident that the piob- 
abilit 3 r of living be 3 mnd 58 3 'eais foi ^]lc men and 61 3 ears foi the 
women is as great as fhe probabiliti of dying before that time It also 
seems cleai to me that, for a large pioportion of these persons, the dis- 
ease of vliicli high blood-piessure was a S 3 Tnptom could not be looked on 
as materiall 3 ’- shoitenmg the span of life to which man has a tiaditional 
claim, but ratiier that it was foi them an incident of grovnng old 

The dilleience of six veais between the median for the women living 
and deceased is difficult to explain It suggests the need foi reserve m 
interpreiing the high peicentage of Ining v’omen as evidence of a more 
favorable couise of the di'^ease m the female sex Such ages at an 
arbitrar 3 " period in the couise of a disease mean little m themselves If 
it weie possible to tabulate a sufficient senes of cases terminating at or 
befoie a eeitain age, lathei than patients living or dead at a partieulai 
date, much more definite conclusions would be wai ranted 

v DTSTRIBUTION BY HEIGHT OF SYSTOLIC BLOOD-PEESSUEES 

The stud 3 ’^ of the height of the blood-pressuies has been the most 
disappointmg part of this work The blood-pressure natuially varies 
from da 3 '^ to day fiom year to year The only leliable figures that I could 
command were my own observations at the time of examination, some- 
times one reading for a patient, sometimes many readings extending over 
a long period of yeais I have in every case taken the highest recorded 

7 Smith William H Age in Its Relations to Arteriosclerosis and Death 
From Arteiiosclercsis, Massachusetts General Hospital Report, 190S, ii, Ho 1, 185 
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systolic piessme, and have aiianged these ptessmes in groups, in different 
ways, in the hope that some intelligible euive of tendency might he evi- 
dent The attempt at giouping at once showed what seems to be veil 
known to statisticians, namely, the tendency of the mind to select the 
nearest multiple of ten when theie is a choiee between it and the five 
below 01 above This I have found to be tine in su^^ eying my blood- 
pressure leadings For this leason, in the final groupings shown in 
Chaits 2, 3 and 4, the leadings have been ledistiibuted to make gioups 
at 20 mm intervals of piessuie from 160 up Chait 2 shows the entire 
numbei of 458 patients thus gioiiped accoiding to c^^stolie blood- 
pressuies vith the actual leadings given in the columns 

It IS evident that the lover piessuies piedominate in the Ining as 
compared with the dead groups, the median blood-piessuie foi the foimei 
being about 200 mm and foi the lattei 220 mm The same tendency 
IS shown in Chaits 3 and 4, in which the blood-piessure leadings in i ela- 
tion to the numbei of cases are sliown in the foim of curies It is of 
consideiable inteiest to note in Chait 3 of the deceased patients that as 
many sliowed a blood-pressure of 220 mm and highei as a lower figuie, 
both men and v'omen Consideied fiom any point of new, there 
seems to be no tendency for lovei blood-piessuies among the women than 
among the men In fact, a much higher pioportion of women, both hung 
and dead, showed veiy high readings — 280 mm and over 

A tabulation of the duration of life as it was found foi 197 of the 
deceased after my examination of the patient, arranged by blood-piessure 
readmgs, gives the figuies shown in Table 4 

The patients dying in less than a yeai weic for the most pait seen 
durmg their terminal illness and are of little i alue for this study The 
instructive groups aie those that lived for six yeais and over, not a 
single one of these patients had a blood-piessuic reading belov’’ 200 mm 
It does not seem to me that any veri’- definite prognostic conclusions 
can be drawn from the height of the blood-pressuie I am confirmed in 
this opinion by certain individual cases in which extraoidinaiily high 
pressures were tolerated foi six years and moie, while other patients with 
1 erv moderate elevation of pressure died in a much shorter time While, 
therefore, the medians of the living and the deceased groups do seem to 
shov a certain unfavorable significance of blood -pressures above 200 mm , 
I consider the height of the blood-pressure a minor factor in determining 
the expectancy of life 

VI SYMPTOMS ASSOCIATED V'lTH HYPERTENSION 

For many years I have interrogated patients with special care in the 
endeavor to determine the earliest symptoms associated with cardiovas- 
cular and renal disease These patients so frequentl}’" seek medical aid 
foi the first time when m the advanced stages of their malady, that it 



THEODORE G JAHEWAT 


765 



Chart 3 — Blood-piessme leadings — deceased, solid line males, 163, broken 
line, females, 49, total, 212 



Chart 4 — Blood-pressui e readings — living, solid line males, 144, broken 
line, females, 102, total, 246 
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has SGcmod. to me of paiiiciilai impoilaiice, ]ji flealiog wjtli an intelligent 
gionp of patients, to iiace back as far as possible to the fust deviation 
from accustomed health In many instances the task is impossible, 
because of pieceding disease of some other natuie, duiing which the 
hypei tensive caidiovasculai disease has developed as a sequel or concomi- 
tant This IS paiticularly tiue of diabetes in cldeily subjects With eareiiil 
stud}'-, howcvei, one may often find definite symptoms of failing cardiac 
icseive foice, of niinaiy distiiibancc, of circulatoiy biain disoidci, oi a 
still loss definite sense of fatigue, lemcmbcied as originating ycais befoic 
the physician was consulted A knowledge of these eaily symptoms is so 
impoitant foi the iccognition of the existenco of senons oiganic disease 
that T feel justified in eniimoiating the symptoms that have appealed in 
this gioiip of patients fifiiey group themselves natuially into ceitain 
categoiics 

7 Caidiac Symptoms — fi’he most impoitant nnmeiically aie the 
caidiao svmptoms Dyspnea stands fiist, beginning cithei with some 
shoitness of bieath on excition oi a paioxysm apparently coming out of 
a deal sky tl’lio sovoiest giado, of couise, is seen in connection with the 
somewhat laic attacks of aciiic pulmonaiy edema Anginoid pain on 
exeition has been ehaiacteiistic of a considerable numbei of patienls 
Rome have had puiely subjective caidiac distuibances, palpitation oi 
e\ti asystoles, of which they weie unpleasantly awaie, less often other 
aihythmias Some had paioxysinal tachycaidia foi years before dealh 
Edema of the legs, Avhile a common late symptom, frequently appealed 
early, and in Iwo patients was the initial symptom 

2 Jlcnal Symptoms — Polyuiia, nocturia oi fiequoncy of uiination 
weie admitted by a veiy laigc number of patients In many cases it 
was not possible 1o deteiminc whethei nocturnal fiequency indicated 
nocturnal polyuria or nol fifiic cldeily men with hypciti opined pros- 
tates natuially complained of noctiiiia, and it was not possible in them 
to deteimine fiom then stoiy when polyuiia was superadded The symp- 
tom IS, I believe, of gicat impoitance, especially maiked degiees of poly- 
uiia. In Ihe subsequent tabulation it lias been nccessaiy to gioup all 
those complaining of noctuinal fiequency in the same categoiy, though it 
IS faiily ceitain that in a number tins symptom must have been due to 
local causes The significance of llic symptom will, theicfoie, be highei 
than actually appeals fiom my tabulation Oliguiia was piactically 
impossible to determine fiom the patienPs statement Albumin and rn^ts 
weie discovered incidentally as ihe first evidence of disease in twelve of 
the deceased men and in no women This illustiatcs well the advantage 
of life-insuianee examination for the eaily detection of chronic disease 

The stiikiiig absence of onset with general edema of nephiilie type 
indicates, as cleaily as anything, the wide divei genre of these patients 
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from patients with high blood-pressure as found in hospital waids I 
believe, however, that weie the histones of our hospital patients taken 
with the same degree of care, some s3Tnptoms would be found antedating 
the onset of general anasaica in almost all cases 

S Oerehial Symptoms — Cerebial symptoms were noted eaily by 
many patients Headache was the most frequent The study of signifi- 
cance of headache has been beset with many complications, for a sur- 
prisingly large number of these patients have been subject to migraine 
throughout life Some patients have been able to name a definite date 
when the character of the headache changed completely, others have 
noted a greater seventy of the paroxysms In still others, headache has 
appeared foi the first tune with the onset of the vascular disease So 
commonly have patients described to me a particular kind of headache 
that I have almost come to look on it as a typical nephritic or hyperten- 
sive symptom This headache is one which appears on awakening, or 
wakes the patient duiing the early morning houis, has its greatest 
intensity before arising, and passes away either immediately aftei break- 
fast or during the course of the morning, to reappear in the same manner 
day after day for considerable peiiods The intensity of the pain and its 
location have vaiicd somewhat, the most severe being similar to bad 
migraine, and in a few cases it is attended by nausea and vomiting The 
time of onset and offset has been the characteristic of greatest con- 
stancy Throbbing has accompanied it in some cases, but not in all I 
shall refer to this type hereafter as "typical” headache Sensations of 
fulness or pressure in the head have been noted by many patients who 
did not suffer from actual headache 

The following case histones illustrate this type of headache and aie of partic- 
ular Intel est 

Case 44 — Male, designer, aged 45 Fathei died of Bright’s disease, mother 
of apoplexy Consulted Dr E G Janexvay on Feh 23, 1905, because of headaches 
for ten years The headache regulaily began in the morning on aiising and lasted 
until noon It was occipital and radiated to the vortex Duiing the past one and 
one half yeai s the patient had lost 35 pounds in weight For a yeai he had had 
tiansient attacks of aphasia and for two months had risen once at night to 
urinate He had no cardiac symptoms whatever On physical examination he 
showed slight cardiac hypertrophy, extreme accentuation of the aortic second 
sound, moderate peripheral arterioscleiosis and a blood piessuie of 255 sj'stohc, 
170 diastolic The reflexes were generally increased, with a slight ankle clonus on 
the right The urine was 2,160 c c , specific gravity 1 015, with a moderate amount 
of albumin, and at times a few hyaline and granular casts The patient died in 
October, 1906 , the cause of death could not be determined 

Case 41 — Brother of the preceding, piano tuner, aged 37 Consulted Dr E 
G Janeway on April 7, 1908, because of headaches For seven or eight years 
he had been sub 3 ect to occasional occipital headaches For three months the 
headache had come daily, beginning in the occipital region and radiating forward 
to the frontal region The pain was usually a dull ache, at times a sharp, cutting 
pain in the occiput, with no throbbing The milder attacks began at 2 a m , 
passing off toward morning, the worst ones lasted all day The headache 
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awcakened him out of sleep almost every night He has had no relief from any 
drug except an aeetanilid mixture, which he had taken in large quantity For 
one year he had been getting up fiequently at night to urinate and had been 
losing iveight lapidly Because of peisistently negative urine examinations, the 
kidneys weie exonerated horn blame On physical examination the patient showed 
a model ate hj'peitiophy of the lieait, with accentuated aoitic second sound, and 
the arteiies full and tense, but without marked thickening, the blood-pressure 
was 230 systolic, 160 diastolic, and the pulse 100 regular The reflexes weie 
noinial Ihe ophthalmoscopic examination showed slight haziness of the disk 
outline, fulness of the veins, and one pigmented aiea in the right retina, otherwise 
nothing The urine uas 2,200 cc, specific gravity 1018, without albumin but 
uith a raie hyaline cast On July 5, 1908, following a sea-bath the patient 
del eloped intense headache, shoitly afteiw’aid became delirious and then uncon- 
scious, and died in coma at noon the next day 

Case 77 — Male, physician, aged 39 No family tendency Had diphtheria at 
13 and seveie cellulitis of arm at 28, but no other infections Consulted Dr T C 
Janeuay on Nov 7, 1911 Foui yeais before, a small amount of albumin and a 
few casts had been found on life-insuiance examination, but the patient’s 
gcneial health was peifect Eighteen months befoie, he developed what seemed 
oidinaiy sick hoadaclie once a month The headache would begin at about 4am, 
becoming seveie, it was geneially associated with vomiting and would last until 
the next night’s sleep bi ought lelief The albuminuiia increased somewhat, casts 
became moie abundant, and a few' red cells weie present The headaches gradually 
increased in frequency and w'cre usually lelieved by vomiting Duiing the summer 
of 1911 the patient exeicised hard The headaches weie no woise Foi a year or 
two ho has had to uiinate once at night Foi two weeks befoie examination there 
had been gieat polyuna (five oi six times at night) He had absolutely no 
cardiac symptoms He had a good appetite, but lost 10 pounds in weight On 
physical examination he showed a slightly forcible apex impulse in the fifth 
intei space, 4 inches flora the midsteinal line, and practically normal sounds The 
arteries v,'cie small and thickened The blood pressure was 165 systolic and 110 
diastolic, and the pulse-rate 80 regular There weie normal reflexes, no edema, 
and noimal fundus oculi 0 he urine (tw'enty houis) was 1 060 c c , specific gravity 
1016, and contained consideiable albumin, epithelium and granular casts, red 
blood cells and many leukocytes Subsequent history On a restricted diet, occa- 
sional purgation and sweat-baths, the patient did well foi a time, but had an 
attack of acute gout in Maicli, 1912 By July the headaches became very 
seveie, about five days in the week, piactically always m the eaily morning hours 
The blood-piessuie lose to 210 systolic, 130 diastolic Hypei trophy of the heart 
became moie evident He lost some flesh In September, after repeated headaches, 
most intense in the occipital region, he developed vomiting, gradually became 
iiiational, and the blood pressui e leached 255 mm at the highest He sank into 
a state of chronic uiemia, with high blood urea, and died aftei foity eight hours 
of coma, with rising tempeiature and falling blood-pressure 

Dizziness or severe attacks of vertigo have occuired with or without 
headache, also diowsmess and insomnia Apoplectic attacks, vaiying in 
severity fiom tiansient aphasia to complete hemiplegia, have character- 
ized a group of moderate size, with a definite tendency to recur in the 
same person, as I shall bring out later In eight patients an apoplectic 
attack was the fiist symptom discoverable Onset with a convulsive 
seizuie was a great rarity In one case, howevei, four years inteivened 
between the initial uremic convulsion and death 

Failure of eyesight as an initial or even an early S3miptom was noted 
by thirteen of the deceased patients and thirteen of those still living My 



770 THE ARCHIVES OF JXTERXAL MEDICJXE 

geneial impression of hospital and dispensary patients. \Mtlioiit definite 
figures to go by, is that in them ocular distui banco is a distinctly less 
frequent initial symptom This could ea'iily be accounted for by then 
failure to notice the less conspicuous disturbance'^ which an intelligent 
patient will lemember 

^ Geneial Symptoms — Of great impoitaiice aie sAmptoms of a gen- 
eial or indefinite natuie,*for these frequently lead to the eironeous diag- 
nosis of neurasthenia Unusual fatigue oi exhaustion after physical 
exertion is the commonest Less fiequent is a sense of mental tire oi of 
depression Pains of laiious kinds, neuialgic or musculai, nere the fiist 
s)^mptoms in a number of patients Anemia is not a common early symp- 
tom, and when piogiessne, has an ominous significance I liaie seen it 
associated with anoiexia, persistent diarihea and achjlia With the onset 
of these S 3 Tnptonis, a blood-pressure usually abo\e 220 fell to about 
170 mm 

Ilemoriliages of one kmd or another occiiiied as an earl} sjuiiptom 
in nineteen of the deceased and six of the living patients Of these 
patients, eight and three, i espectivel}', had noseblood The other foims 
of hemorrhage vere hemoptysis in nine patients, all deceased, and piob- 
ably dependent on marked passne congestion of the lungs and gastio- 
intestinal liemorihage, hematuria and uterine hemorrhage, each in a sin- 
gle case Retinal heniorihages have not lieen included in this enumera- 
tion, but have been grouped with the ocular manifestations One patient 
came to me because he thought a subconjimctnal ecch 3 Tnosis indicated 
that he had high blood-piessuie, he had had no preMous warnings 
Purpuric manifestations m the skin ha'se not occuired eail 3 ’’ m an 3 ’’ 
patient of this gioup 

Gastro-intestinal disturbances were not prominent in the eail 3 " his- 
tones of these patients and do not appear to me to bear an 3 '- definite rela- 
tion to the disease, apait from terminal chionic uremia Among unusual 
eaTl 3 ’^ S 3 ^mptoms may be mentioned intermittent claudication or sudden 
giving out of the legs, or senile gangrene, all depending on arteiial nar- 
rornng, also tmnitus aurium Thirst of an intense nature I have 
discovered occasionally in association with polyuria, and it has been the 
indication of a bad outlook Cough, in many cases depending on a pie- 
existing chronic bronchitis, but in some the evidence of chronic passive 
congestion of the lungs, has in a few cases preceded notable d 3 fspnea 

5 Symptoms Depending on Other Diseases — ^Diabetes has been the 
most common antecedent disease in this group of patients, thirty-three 
patients (7 2 pei cent of the whole number of 458) have been known 
to suffer from this for a variable length of time before the onset of any 
'; 3 Tnptoms indicative of cardiovascular or renal disease In the tabula- 
tion of pol 3 niria as an earl 3 '- symptom, all eases of diabetes have been 
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excluded as far as possible Prostatic or bladder disease was coincident 
in a number of patients Retention of urine was tbe initial symptom in 
three of the patients, all living, and occurred very early m one of the 
deceased Renal colic or the passage of a renal stone occurred in seven 
of the deceased and four of the living patients at an early period 
Chronic bionchitis was an associated or antecedent disease m a consid- 
eiable gioup "V^Tien severe, it necessarily introduces an erroi into the 
tabulation of d 3 '^spnea as a symptom of cardiac msufficiency associated 
with hypertensive arteiial disease 

VII CAUSrS OF DEATH AXD THE RELATION OP EARLY SYMPTOMS 

TO THEM 

In my pievious papei^ I tabulated the causes of death and the pi emi- 
nent eaily symptoms foi 100 of the cases here reported At that time 
it was impossible to obtain full information for the remainder Such 
infoimation with refeienee to symptoms has now been secured for 213 
cases, and with lefeience to exact causes of death for 184 patients 
dymg piior to June, 1912 These data are shovoi in Table 5 

In addition the number of times that each symptom has appeared as 
the fiist 01 an eaily symptom among the 246 patients still living on that 
date is shown for each vertical column In leading the table, certain 
facts should be boine in mind The tabulation is primarily one of symp- 
toms, and seveial symptoms have usually occurred together in the same 
patient The footings of the vertical columns, therefore, represent the 
numbei of cases in which the particulai symptom has occurred befoie the 
date of my fiist examination, oi definitely at an early peiiod of the illness 
Dyspnea on cxeition and paroxysmal dyspnea occurred in association so 
frequently'’ that they' have been grouped m a single column, not sepaiated 
as in my previous study Only the more pi eminent symptoms, those 
occuiring with considerable fiequency, are heie included 

The discussion of the credibility of the diagnoses under the various 
categories in the eaily' pait of tins paper should be borne in mind It 
should be especially remembered that the deaths credited to uremia 
presumably contain some cases of apoplexy, and that pericarditis undoubt- 
edly occuried much more frequently' Wlienever a terminal uremia 
earned ofi a patient after a long period of cardiac failure, the death ha'' 
been credited to cardiac insufficiency, but apoplexy ending the scene has 
always been considered the immediate cause of death Also, the endeavor 
has been made as much as possible to eliminate from the patients dying 
of edema of the lungs all those with the common, gradual terminal edema, 
and to include only those with acute suffocative edema of the lungs It 
is not probable, however, that tins has been entirely successful The 
thirteen patients dying of complicating acute infectious disease compri'=e 
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nine cases of pneumonia ''Other accidental causes” consist of automo- 
bile accidents, deaths from surgical operation, drowning, carcinoma and 
othei wholty unrelated diseases The six sudden deaths are presumably 
from angina pectoiis or apoplexy 

The results of this tabulation aie very similar to those obtained in 
the study of 100 cases already reported^ (see Table 2 of that paper) 
They do not materially alter the conclusions then drawn They permit, 
however, of more definite deductions They may be studied from three 
points of view (1) the relative proportion of deaths from the various 
causes enumerated, (3) the numei real relations of the various symptoms 
and & 3 ^mptom groups to one anothei and to the causes of death, and (3) 
the comparative frequency of the individual symptoms in the patients 
already deceased and in the group of those still living 

1 Disinhuiion hrj Causes of Death — The type of death was known 
for 184 of the 212 deceased patients, for 28 it could not be stated exactly 
While the largest total number, 60 (32 6 per cent ), died a gradual car- 
diac death — if one groups together deaths from uremia and from apoplexy 
into a "cerebral’ group, as did Biight, 75 (40 8 per cent) are thus 
included It is paiticulaily interesting to note the almost exact coiie- 
spondence of this with Bnght’s tabulation of the causes of death which 
he traced in 70 of his cases, 30 of the patients (42 8) dying a cerebral 
death with apoplex}’-, coma or convulsions Cardiac insufficiency was a 
conception which did not exist in Bright’s day, and it is impossible from 
his figures to obtain any clear idea of how many of his cases should be 
classed in this category If in Table 5 one considers the deaths from 
angina pectoris, from edema of the lungs, from pericarditis, and prob- 
ably some of the sudden deaths as cardiac, then it is evident that the two 
mam groups — the cardiac and the cerebral — are almost equal over 40 
per cent dying in each of these ways, about 12 per cent of complicating 
disease, accident or unrelated causes, while a very small number (1 6 per 
cent ) lan the course of a progressive wasting disease with severe anemia 

A Sex Distnhuhon At the light of Table 5 are two columns indi- 
cating the total number of men and women dying in each of the groups, 
and the percentage relations which these numbers bear to the total num- 
ber of deceased males and females Wliile variation from the general 
sex distribution of the whole group in the three larger categories is shown 
only in the deaths from uremia, this difference is not so great as to be 
free from the possibility of chance The next two categories, however, 
death by angina pectoris and by acute edema of the lungs, show a 
divergence from the sex distribution of the group so extreme as, I think, 
to indicate clearly a definite difierence in sex predisposition Kot a 
single woman died in an anginal seizure and only one in an attack of 
edema of the lungs, as against, respective^, ten and six men 
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B Age in Relation to Causes of Death A tabulation of the ages by 
decades of those d 5 'ing in each gioup, giving the median oi middle point 
the mode or the laigest niimbei for any decade^ as well as the second 
gieatest number is shoun in Table 6 


TABLE 6 — Ages ik Eelatiox to Causes or Death 


Causes of Death 

Jlales 

^ Females 

iMode 

Median 

Jlode 

Median 

Cardiac insufhcienci ^ 

50 50 

50 59 

GO G9 

50 50 


GO GO 


50 59 


Uremia {giadual and 





coma ) 1 

40 40 

50 50 

GO GO 

50 59 


50 59 


40 49 


Ceiebial apoplexy 

50 59 

50 50 

GO 09 

GO 69 


GO GO 


? 


Angina pectoi is 

GO GO 

GO C9 1 

No nomen 



50 59 




Acute infectious dis 





ease (mostly pneu- 



- 


monia ) 

50 59 

50-59 

70 and oiei 

70 and oi er 

1 

70 and o\er 

! 


No othei 



' Tlie tiio sets of figuies for the mode indicate tlie laigest number and tlie 
second laigest mnnbei foi each group 

Ibe numbei of patients dying of edema of the lungs seien in all, is too 
small to use as a cnteiion of tendencies 

A comparison of Table 6 uitli Cliait 1 shows that the mode, 50 to 59 
in the cardiac and the apoplexy groups for the males, is the same as the 
mode foi the total deceased males On the othei hand, foi the females 
the mode in the cardiac, the uiemic and the apoplexy groups is a decade 
higher, that is, 60 to 69, which agrees inth the mode foi the total numhei 
of deceased females as shown in Chart 1 It will be noted that the mode 
for the uiemie group for the men (40 to 49) is a decade lower than the 
median for the total group of deceased, but the mode foi angina pectoiis 
(all men) is 60 to 69 years, which is higher than the average mode (50 
to 59) foi the men x\s will be seen, the median, oi the dividing point 
for the men is the 50 to 59-year gioup for all the deaths except angina 
pectoris, in which it is a decade liighei , while for the women, a median 
of 50 to 59 years applies only to the cardiac and uremic, being a decade 
higher for the apoplectie, and still a decade higher (70 years and ovei) 
for those dying of acute infectious diseases 

A study of the second largest groups is of intexest as showing tenden- 
cies For the men dying a cardiac death theie seems to he a tendency 
toward a decade higher than the median for that group, and for the 
women there is a tendency to approach the median In the second largest 
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group foi the uremic men theie is a tendency of coincidence with the 
median, while for the women theie is an apparent tendency for death at 
an eailier age, 40 to 49 years The tendencies for the men dymg of 
apoplexy, as expressed in inodes and median, are exactly like those of 
the men dying a caidiac death 

It seems probable that this table furnishes an indication of the com- 
posite natuie of the uremic gioup, made up in part of elderly arterio- 
seleiotics, in pait of patients with contracted kidneys, and younger per- 
sons with inflammatory kidney lesions 

C The Relation of Blood-Pi essuie to Causes of Death — Table 7 
shons from laiious points of view the 1 elation between the height of the 
obseiied blood-pressui e and the final cause of death 


TABLE 7 — Height or Biood-Pressure ix Rel\iiox to Cause of Death 



Special Gioup 

Percentage at or 
Below Median 

Percentage 
Above Median 


jMode 

[ Median 

1 

(220) foi lYliole 
Gi oup 

(220) for 
Whole Group 

Caidiac insufficienci I 

215 220 

1 

210 

68 3 

31 7 

Uieima (giadual and 





coma) 

215 220 

220 

52 1 

47 9 

Ceiebial apoplow 

225 230 

225 

41 4 

58 6 

Angina pectoris 

175 ISO 

200 

80 0 

20 0 

Edema of lungs 

245 250 1 

240 

28 6 

71 4 

Acute infectious dis- 
ease (mostly pneii- 


1 

84 6 

154 

inonia 

175-lSO 

185 ! 


Hote— O f the “sudden” deaths not included in the foregoing there weie fwe 
in all — four men and one woman The blood pressures of the men wei e One 
175, two 210, one, 240 mm , and the one woman had a pressure of 260 


The figures speak for themselves and require little comment The 
diffeiences aie so sti iking as practically to preclude the opeiation of 
chance, except in the case of the small group of patients (seven in all) 
dying of acute edema of the lungs Both the mode and the median for 
this group and the number of cases over 320 mm are the highest noted 
foi any of the groups It is significant that the two cerebral groups, 
those dying of uremia and of apoplexy, show a tendency to marked 
hypei tension, the apoplexy cases especiall)'’, while the patients d 3 nng of 
giadual cardiac msuffieiency have a median of blood-pressure below the 
median for the entire group, and those dying of angna pectoris a sti 
lower one, the lowest of all being found in the case of patients djing 0 
acute infections This table would seem 'to indicate that, other thing 
being equal, a systolic blood-pressure persistentl}'' above 300 mm con^ 1 
tutes a certain presumption in favor of termination by uremia or 
apoplexy 









rt) 



’iiironnnr c jwiwi} 


t i # 


I 


her of tho=o nccHlenii’l vroU'’!.]', h<'n i 

incrcn^^cd 'Iho (Innnn^t:.-'!-^ il'o of ■• .-tun-.Vr - ^-ir. 

ie\ea]in£: (1 di- i— rn»i -t 0 ^* «‘f 

c\nmin:ition of ihi \mu-' rin] t5t.‘ M( oi^-tT* si. 'H y< ~ 

(l!o life A \iA^h .'X'linin itjni' lo. J'u- f^Miil^ ‘‘h,-?/’”! of 

chonid lif’OdiiK’ tlu luld I; i- r Ti.?a''« * ‘'|, ,, ''’j.* 

cldcth a- nn’op" c( jjon^c bjld-, n ->»,,3 ,?j I?!,, j"; fo, 

'irntne ipodifnir To.; .1 ph'.-'* •^5 ppr > * »■>. j 

‘•n<, (O-i r 3 " r ' I 


* ! 

^ ^ » 


* it 




inranc ftf df (<'( iiU'! do 

. J w' 1 

* ( . O” • I 

should Olid, r 

t**’)d tb‘* Oj { •' 


c.iuj'toin- 

A. 7/.0 j: 

» , , 

f i: * 0 

/v-< , . 

iKtl.i of 'bo { 
*-luo.n in 'i* lb 

t '< ! i-i*’". 

, 1 ,. V 

- . I ' » * 

3 ; o- 

T\Bu: ‘---hm. M. 0 } rsA* 

> r< ’ > t 




i». - 


( 

i 


s 1 


( 

5 ( * ' 1 

{ < < ' 

t , - V . ^ 

] 

i 

IV - 

1 * JT , 


i 

' ' ' ’ ! 

) 

P- 

D\ ^pD'-l 

) 

r.o 0 , 

t t 

' 

• - , 5 ' 

Au'ririrud |n,M ] 

On < 

: 5 ; 

l:- 1 

Poh inn 

1 

0 9 1 
t t ^ 

r-'. ^ 

0 

f * « i 

Ilc'idaclK, t’jar 1 . 

Ileimj.l' jiir >• <1 .'j 0 

:.i < 

< ' k * 

< ^ i 

/ i * 

'* 1 '. <1 

..r . , 

plrrlic ntl ir) - | 

'7 0 

'' r > 0 

> j 

•V ' !l 

Vertipo i 

0 ft 

* • t 



Lo*-® of fP -li i 

r, , 1 

Ut '* 

i 0 

J 

Kcun^-tljr'tiif \ jii p * 

toms (fitipo). ii.(! i 


! 

I 

( 

pnim) 1 

I 0 „' 2 

1 ,'7 i- 

( 
i 

li.-, )•. ) 

17 P ‘"'t 

Alljuriiin iijid ont*- | 


i 

* « 

(accidi nl.il (Inrov- ! 



‘ ! 

. 1 

r.e n 

5 n 7 

i 

' Mr. ’,*0 ! 

* 

Isoii — f omjint itioiii !< 

proup of (!(((. iw ,] p i(n 

n niiKi. 



. / ' :- 


A 

' ■'*1 


» I V* 


r if 


,v s' 


T \'f 


< t 




^ i 






7 i. '< 


iM 1 .: i‘ * 


1 ' •» iMi 

h '. i:*' 


1 ‘ J'-'i I'Mt ! 

! ^ 


1 * f 
!* >' 

l\> > - 

llHf . 
fd** th 


f'Jie innjii iiidHalioii^ Mhuli Dm* i<ih)o .ilfoid ni( {hal t)h* }nti<n(*' 

A\illi .nionioid ]),iiji iiijti V. ilh iho iinl* /iiul< ih*jMa<ib(nu Miiiplujii- icml 

ioiiin below ilie uudiaii blood-])! e*-* um , wbib* (bo jialiouj. v. i(b bi idni bo, 
polyuria and n])o]ilo(iH and hoijMj)b-«.rH‘ ntiiubK (oiid in (bo o|)})u a(o 
dneclion 



778 TEB AECEIVB8 OF mTERFAL MEDWIEE 

B The Relaiwn of Baily Symptoms to Causes of Death —A coi^i- 
paiison of the frequency of mdnidual sjnnptoms in the difierent groups 
arianged by causes of death (Table 5) bungs out certain prominent 
clinical types which hypei tensive cardiovascular disease assumes Cardiac 
siTOptoins occui three times as fiequently in patients who eventually die 
a cardiac death as m patients who die a uremic death, and five times as 
often as in those who die of apoplexy AYhat I have previously designated 
as ^Tipical ’ headache, on the other hand, has occurred in sixteen patients 
who subsequently succumbed to uremia as against three who died a 
cardiac death, and foui who died of apoplex}’’ Urinary disturbance was 
moie than tivice as frequent in the gioup teiminating by uremia, and 
usual disturbances more than four times, notwithstanding the fact that 
the total numbei of patients vas only thiee-fouiths of the total dymg of 
heal t'failure Tlic i elation of hemiplegic attacks to the eventual death is 
less striking, but taken in relation to the totals, it indicates about a 
double frequenc} of this s-^miptom in those dying a cerebral death of one 
or the other foim The relation of angmoid attacks to the probability of 
death in an anginal seizuie is a mattei of some interest Tour of the ten 
patients dying of angina pectoris did not have anginal attacks early in the 
disease, and of thiit 3 '-five patients who complained of definite precordial 
or substernal pain or oppiession on exertion, only ten finally died in an 
anginal paioxj^sm Eleven persons with anginoid pain died a gradual 
cardiac death In the deaths from angina pectoris and acute suSocativc 
edema of the lungs, houeier, previous attacks of a similar nature figure 
in the anamnesis of a high piopoition of the patients 

8 The BeJation of Early Symptoms in the Deceased and Diving 
Cioups — The relative fiequency of certain of the early sjunptoms among 
the deceased as compared with the living (Table 5) shows interesting 
resemblances and still more interesting differences Dj^spnea was a little 
less frequent among the ining, earl}^ anginal pain and earU edema of 
the legs were almost identical Attacks of edema of the lungs, however, 
were conspicuousl}'’ less numerous in the living, u Inch rather confirms my 
belief in their serious prognostic significance Urinaiy disturbances anf 
typical headache show about the same relations as the dyspneas in the 
two groups The accidental discoveiy of albumin and casts likewise 
occurs in the same ratio, but among the living weie five women, there 
were no women with this finding m the deceased group This indicates 
pel haps an inci easing knowledge of this tjqpe of disease among the laity 
and consequent mciease in precautionary visits to a physician 
plegie attacks were much less frequent among the living The woe 
question of the significance of apoplectic attacks, however, will be 
sidered by itself later Vertigo or dizziness, judged by its incidence in 
the two groups, must be considered a symptom of trivial moment 
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smpiismg to find tliat 20 oi 19 6 per cent of all the women, complained 
of angmoid pain as against 26 men, oi 18 pei cent of all the males 
When one compares tins ivith the deaths fiom angina pectoris, all ten of 
which were in men, ihe only leasonahle explanation would seem to be 
that the mildei angmoid attacks aie commoner in women than in men, 
and that when they occui, women avoid sudden and foiced exertion and 
excitement far bettei than men, foi this reason, for the most part, they 
escape death in an anginal paroxysm Foi the lest, it is piobable that 
sj^philitic aoititis IS commoner among men than among women, and is 
the cause of some of the anginal deaths 

3 Caidxac Ailujilimias — My record of the existence of arhythmia 
among these patmnts depends either on my detection of it at the time of 
examination, on the definite knowledge of it obtained from the patient^s 
physician, oi a definitely satisfactoi}^ desciiption of the aihythmia by 
the patient himself My data aie, theiefore, defective, and gieatly undei- 
estimate the total fiequency of aih 3 dhm]a which would have been found 
had these patients been followed thioiighout a peiiod of 3 ^ears Of the 
212 deceased patients, 71 had some degiee of caidiac insufficiency at the 
time of examination Only 8 patients liad the peipetually irregular pulse 
indicative of auiicular fibi illation It is notewoithy to lecoid that 6 of 
these 8 patients were tieated with digitalis and the results were known 
the lesult was satisfactoiy m foiu, slight in one and without benefit in 
the other Contrasted with this weie 6 patients vith failing hearts and 
regular rhythm, of whom 4 icsponded well to digitalis, two biilliantly 
The lelicf of di^spnea was especially notable as Millei® repoited last yeai 
Of the othei arhythmias, extras 3 ^stolcs were noted in 9 patients, 
paroxysmal taeh 3 '-cardia in 3, heait-block in one, and an unspecified 
arhythmia in one Eight of the patients complained of seiious palpita- 
tion Among the 246 living patients, only 25 had insufficient heaits when 
examined Only 2 patients had the evidence of auriculai fibiillation, 17 
patients had extrasystoles, 4 paroxysmal tachycaidia, one heart-block, one 
a marked sinus arhythmia and one an unspecified iriegularity 

I have been somewhat impressed with the less fiequent occurrence of 
fibrillation of the atiiicles in the insufficient heart secondary to high 
blood-pressure as contrasted with valvular disease M 3 '' evidence for this 
IS not altogether satisfactory, as it rests in part on tlie incomplete figuies 
just given A study of the records of 75 patients with auiicular fibrilla- 
tion, electiocardiographically lecoided by Dr Stuait Hart at the Presbj'^- 
terian Hospital, showed that 14 had a blood-pressuie above 180 mm , 
this is only one-fifth This figure could have absolute value only if it 
were known what proportion of the cases of cardiac insufficiency at the 
hospital were due to hypertensive disease and what propoition to valvulai 
disease during the same peiiod This I have been unable to calculate 

8 Miller, Toseph L Tr Assn Am Phys , 1912, sxvii, 137 
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the limits of the personal equation of the examiner — absolute, not 
merely relative, as are the data regarding cardiac hypertrophy The 
causes for absence of accentuation of the aortic second sound in hyper- 
tension are various, emphysema of the lungs, marked obesity, senile 
rigidity of the thorax and othei unknown conditions modify the trans- 
mission of vibrations Beyond these, it seems to me clear that there are 
conditions ivithin the heart and aorta in these patients which modify the 
intensity and pitch of the aortic second sound in addition to the aortic 
blood-pressure For instance, over the dilated aorta of syphilitic aortitis 
an extremely loud, ringing sound may be heard when the blood-pressure 
is normal In this connection I wish to emphasize again the fact that 
without mstiumental blood-pressure determinations, many cases of hyper- 
tension must mevitably be overlooked, even by the most expert examiner, 
as in many of these patients not a hypertrophied heart, an accentuated 
second sound, or a pulse which impre<5ses the examiner as tense will be 


TABLE 10 — ^iNcniEKCE of Accentuatiok or Aonric Second Soexd in 389 

Patients 



Deceased 

Living 

None j 

38 

07 

Questionable 

1 

1 

Slight 

21 

55 

Moderate 

75 

88 

Marked 

28 

j 

15 

Total ' 

1G3 ' 

1 

220 


found So far as the further evidence of the table goes, very marked 
accentuation of the aortic second sound was proportionately more than 
twice as frequent in the deceased as in the living groups, and model ate 
accentuation was about equal, the slighter degrees greatly preponderating 
in the living This shows a rough correspondence with the median for 
the blood-pressures of the two groups, as would be expected 

6 Evidence of Arteriosclerosis of the Peripheral Aitenes — The 
histories studied include definite statements as to the condition of the 
larger peripheral arteries in 171 of the deceased and 231 of the living 
patients My findings are shown in Table 11 

Of particular note in this table is the large number of patients in each 
group in whom the radial, brachial and temporal arteries were free from 
evident thickening, elongation or calcification It demonstrates how 
independent permanent high blood-pressure is of arterioscleiosis in the 
ordmary sense, that is, arteiioselerosis of the larger accessible peripheral 
vessels It is the reverse side of the well-known fact that extensive 
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an«rio=cleros.s oi these xessels is frequently fonud associated trKh hlood- 
T,re==Bre not ahore the normal. The slight degrees of anenal thic,-.enin 
;,e especMlT erident among the panents still living and ihe mar 
amoni those that have died. The evioenee here, as for cardiac hHier- 
* is therefore in the main that arteriosclerosis of the larger 
peripheral vessels should be looked on as a secondaiy- lesion similar lO 


TASEE 11. — Ettoet^ce or Abtebiosclebosis 402 Patieva::i 


None - . 
Questionable 

Slight 

Moderate - . 
2Iarked - - 

Total . 


J 

Deceased • Liiiing 

f 


05 

117 

1 

0 

14 

40 

GO 

53 

1 31 

13 

; 171 

231 


the cardific iijpertrcplij- This is further hrought out bv an examination 
of the erentual causes of death in those panents irho slimred moderate or 
marked degrees oi arteriosclerosis Bv ‘%hghf ’ arteriosclerosis in the 
preceding tabulation I have meant arteries vrhich were just distinct!}' 
palpable when empty, or showed slight tortuosity. This is so regular a 
huding in persons past middle life that it does not seem to me to have 


TABLE 12 — The EzLiTio:? or Mopehate ob ^Ubkhi) AirrEBioscLE'’0^i:s to 
Causes or Death ix 2sE?etT'0:^e Patte^'ts 


i 

Causes of Death ! 

! 

f 

3Ioderate 

j Marked I 
1 1 

Totals 

Gradual cardiac in=Tifficienc>' , ! 

13 i 

1 1 

1 ^ ^ 

10 

Eremia *... ' 

IS 

13 j 

31 

Cerebral apoplesr \ 

10 

3 j 

1 13 

Angina pectoris , | 

1 

' 0 1 

[ 1 

Edema of the lungs j 

2 

! 3 ! 

1 5 

Acute infectious di.=^ease . . ’ 

1 

\ 1 

1 o 

Other causes unrelated, etc . 1 

10 

5 o 

1 1"^ 

EnlnioTm ! 

i 

5 

1 3 

» 

I S 

Total j 

i 

00 

1 31 

} 

j 91 


any strict relation to the disease here studied. The considerable degrees 
OI arteriosclerosis, however, are evidence of more than mere wear"^ and 
tear. A tabulation of all the cases showing more than the slighter grades 
IS «hown m Table 12. 

To my peat surprise. Table 12 shows a marked preponderance of 
disea^ of the large peripheral arteries among the patients djmo- of 
ureima. I had expected that the group dying of insufficient hearts would 
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contain the bulk of the arteriosclerotics My geneial impiession was that 
arteriosclerosis was associated with scleiotic changes in the coronaries 
and consecutive myocardial, nutritional disturbances, leading to myo- 
cardial insufficiency The examination of these histories has shown 
however, that these striking degiees of aiteiial thickening and elongation 
fiequently occur in young persons with the pictuie of so-called piimary 
contracted kidney or other piimary renal disease Some of these patients 
have been under 40 years of age But again, a large number of the 
patients with angmoid pain and presumptive coionaiy sclerosis have been 
free from any traces of peripheral arterial thickening This emphasizes 
what is beginning to he more generally appreciated that the distribution 
of arteriosclerotic lesions is most variable, that extensive ceiebial or 
coionaiy arteiial disease may exist without any evidenee of thickening 
of the accessible arteries of the extremities, that certam causes foi 
arterial disease, the S'pn ocliaeta pallida, for instance, have a stiict eleetive 
affinity for limited portions of the aiterial system — all facts tending to 
suggest that the arterial system cannot be looked on as a whole m the 
development of its pathological processes, but that local differences in 
susceptibility to disease exist, and that local causes play a consideiable 
part in the distribution of its lesions 

Further, this table strengthens the aigument diawn from the pie- 
ceding table (Table 11) that peiipheial arteiioscleiosis in hjpertensne 
disease must be looked on usually as result, not cause This view seems 
to be taken by Jores,® and has been a common one among clinicians It 
also fits in well with Marchand’s studies in arteriosclerosis,^® which go to 
show that cardiac hypertrophy is not as a rule associated For this leason 
it seems to me that to speak of the type of disease under discussion as 
arteriosclerosis oi haidening of the aitenes, as is so frequently done, is 
altogether erroneous and productive of false views of the causation of 
high blood-pressure 

7 TJi mar y Findings A Albumin and Casts m the Urine — Caieful 
urinary examinations were made in the majority of cases at the time of 

physical examination Only the analyses made m my own laboratoiy 
or in that of my father have been considered in studying the significance 
of these uiinary findings The significance of this information is whollj’^ 
diagnostic I have no data from which any statement can he made as to 
incidence of albuminuria and cylindruria during the course of hypei- 
tensive cardiovascular disease It was of inteiest fiom the point of view 
of the usefulness of a single urine analysis, as a means of diagnosis of 
this ttqpe of disease, to tabulate my findmgs 

9 Jores Ueber die Beziehungen der Schrumpfniei en ziii Heizliypeitiophie 
lom pathologiscli anatomisclien Standpunkt, Verliandl deutscli path Gesellscli , 
1908, XU 187 

10 klarchand X^erhandl d Cong f inn Med , 1904, xxi, 60 
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Of ilie 21^ deceased patients, 21 showed neither albumin nor casts in 
the urme when examined, and of the 246 patients still liring, ^ 
nrmes negatire in both these respects In 23 of the deceased and 19 of 
the living, albumm was found without casts, in only tn^o and one ca=e, 
respectively, in any considerable amount In 11 of the deceased and ^ 
of the living, casts were discovered in urine which did not show albumin 
by the nitric acid rmg test , again, m only one and two patients, respec- 
tively, were they numerous 

Of the deceased patients, 114 out of the 182 of whom I have definite 
information m this respect, or 62 6 per cent , had definite amounts of 
albumin and casts, of the living, 85 out of 236 of whom I liaie recoid'J, 
or 36 per cent , showed both albumin and casts In 25 of the fonnei and 
42 of the latter there were but few casts and a tiace of albumin In the 
lemainder, 89 (48 9 per cent ) of the deceased and 42 (17.8 pci cent ) 
of the living, albummuria was modeiate or marked, and casts, except in 
a few cases, were numerous jSfo study as to tjpes of casts has been made 
Information on this point, nhich is beginning to come from the life- 
insurance companies in such studies as those of Bai ringer,^' will haie 
much more positive prognostic value 

A tabulation of those cases showing more than a trace of albumin 
with casts, in which the causes of death ueie known, is given in Table 13 


TABLE 13 — Relation of Moderate or [Marked ALBUAnxLRiA with Casts 
TO Causes of Dilvth in Seventy-Nine Patients 


Causes of Death Nmnber 

Gradual cardiac insufficiency 24 

Uremia 30 

Cerebral apoplexy S 

Angina pectoris 3 

Edema of the lungs 3 

Progressive anemia o 

Pericarditis 1 

Other, accidental, causes 3 

Sudden •> 


Total 


It IS clear that a negative nime examination has the veiy slightest 
value m excluding the existence of cardiorenal disease of the" type pie- 
sented by these patients This, of course, is well known, bnt cannot too 
otten be insisted on These urinary studies also bring out the mixed 
character of the material investigated Laige amounts of albumin and 
arge numbers of easts belong especially with the true chronic inflam- 
matoy lesions of the kidney They are also to be expected during 

insuffieieDcy For this reason, the deceased 
their presence much more frequently than the living group 

Sun, m Album.nuna iv.th without 
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B Specific Giavity of the Uiine — ^Twenty-four-hour urine specimens 
were not obtained from the majority of the persons studied The urine 
specimens examined, however, were always mixed specimens from after- 
noon, night and morning, representing about sixteen hours out of the 
twenty-four The records of specific gravity obtained in such specimens 
have only a relative value, and they are introduced here without a desire 
to draw more than very guarded conclusions 


TABLE 14 — Specific Gravity or Urines, Deceased and Living 



Deceased 

Living 

Normal, 1 015 to 1 022 

68 

135 

Low, below 1 015 

78 

43 

High, above 1 022 

25 

50 

TABLE 15 — Specific GR'i.viTY or 

Urines in Relation 

TO C VUSES 


Death * 


Causes of Death 


Urines 


Total 

Normal 

Lon 

High 

Unknown 

Cases 

Cardiac insufficiency 

23 

24 ' 

4 

9 

60 

Uremia 

13 

24 

5 

4 

46 

Apoplexy 

10 

9 

5 

5 

29 

Angina pectoris 

5 

3 

2 


10 

Edema of the lungs 
Acute infectious dis- 

3 

1 

2 

1 ; 

7 

ease 

5 

1 

4 

3 

13 


* The patients dying of progressive anemia, pericarditis, unknown, and sudden 
deaths are not included 


Two things stand out prominently in Tables 14 and 16 first the 
double frequency of low specific gravity m the whole deceased group as 
against the whole living group, secondly, the finding of low specific 
gravity more frequently than normal or high specific gravity definitely 
only in those patients djang of uremia In those dying a cardiac death 
about an equal number showed a low as a normal specific gravity, in 
those dying of apoplexy and from intercurrent infections, the greater 
number had urines of normal or increased specific gravity The relation, 
therefore, is manifest between a low specific gravity and the type of 
disease in which symptoms of renal insufficiency were prominent On 
the other hand, low specific gravity urine occurred with such numerical 
frequency in individual cases of the other t3’-pes as to have only relative 
value in prognosis 

8 The Relationship of Diabetes to High Blood-Pi essure — The 458 
cases studied contain thirty-six (Y 9 per cent ) diabetics This number is 
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piobably well above what it miglit be with a diffeient selection of 
material, for my practice has included a latlier nmisnal nnmbei' of cases 
of diabetes The pioportion, however, is obviously too laige to be 
explained by meie chance The efEect of diabetes on blood-pressure has 
been the subject of some discussion Potain^" included diabetes with 
chionic nephritis as one of the causes of extreme hypertension view 
has always been that the effect is altogether indirect,^® the result of the 
well-known frequency of arterial disease in elderly diabetics. The relation 
here may well be a double one— pnmary arterial changes in the pancreas 
producing the diabetes, or the diabetes leading to wide-spread arterio- 
sclerosis Certainly, puie diabetes in young persons, leading to death by 
coma, never is associated with high, but usually with low blood-pressures. 
My views have been substantiated by Elliotffs’^'^ studies In all but three 
of these patients, as alreadj'’ mentioned, the diabetes was recognized 
before the high blood-pressure oi symptoms clearly referable to it were 
discovered 


IX DATA DEAEIXG ON DUEATION OE DISEASE 


In dealing with conditions of such insidious onset, in which the 
lesions without doubt long antedate the development of symptoms, it is 
mamfestlv impossible to arrive at an exact estimate of the possible or 
even usual duration I have endeavored in each case to collate from my 
lecords the facts bearing on duration These facts are (1) the length 
of time before death during which any symptoms reasonably attributable 
to caidio vascular or renal disease existed, calculated to the date of death 
m the case of the deceased and to June 1, 1912, in the case of the living , 
(2) the duration of life after high blood-pressure was detected by me, or 
in the ease of the living, the time which had elapsed between my finding 
of hypertension and June 1, 1912 

1 Duration of Life fiom First Symptom — The first set of facts is 
shown in graphic form in Charts 5 and 6, which repiesent complete 
information on this point obtained about 187 deceased and 244 living 
patients The character of the curves for the living and the deceased is 
strikingly similar It is probable that a sufficiently large number of 
patients would obliterate the lesser iriegularities The median, also, is 
identical four years for men and five years for women, in both the 
deceased and the living groups The high point of the tabulation for the 
deceased is reached at one year, while for the living a second apex is 


Pam ^190?^ ^ PTession aitgnelle de Phomme a l’6tat normal et pathologiqne, 
1%1 f Tlieodore C The Clinical Study of Blood-Pressure, New York, 

tl Blood-Pressure Variation in 

1%T xbx 27 Complications, Jour Am Med Assn , 
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found at thiee years Whether this is more than accidental, I cannot 
tell Patients dying in less than one year from the first development of 
symptoms represent to a much larger extent than the others, patients 
seen in their teiminal illness, who weie not in a position to give accurate 
data as to early and minoi symptoms The patients still living repiesent 
to a much laiger extent those seen in office practice from whom much 



Chart 5 — Duiation of illness, fiist symptom to death, high blood pi essure, 
solid line, males, 141, broken line, females, 4G, total, 187 


moie complete information could be obtained It is piobable that this 
IS the leal explanation of the early high point foi the males in Chart 5 
This much is clear, that from the time of the development of symptoms 
indicative of cardiovascular oi renal disease, foui j^eais will witness the 
death of half of the men and five yeais of half of the women By the 



Chait 6 — Duration of illness, living patients, first sjniptom to June, 1912, 
high blood pressure, solid line, males, 143, broken line, females, 101, total, 244 


tenth yeai, half of the remainder will also have died, leaving both foi 
the men and the women a quarter of the whole gi oiip whose duration of 
life IS ten years or over These patients of long duration diverge fiom 
one another so widely in the length of life as to wan ant entirely sepa- 
late consideration, hence they have been subjected to special study 
They are shown in abstiact form in Table 16 
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TABLE 16 — Pkotocol of Thibtt-Seven Deceased Patients Living Ten Years and 

Over from Onset of Eirst Symptom 


Males 


Case - 
No 

Symptoms 

Age at 

Duration 

Years 


First Symptom 

Prominent Early 
Symptoms 

Death 

Death 

4 

Polyuria 

Anginoid pain, polyuria, 
visual disturbance, loss 
of flesh 

70' 

11 

Uremia 

14 

Diabetes 

Gastro-inteatinal li e in o i - 
rliage 

63 

15 

Cardiac in- 
sufficiency 

17 

Accidental discov- 
ery, albumin 
and casts 

None 

63 

19 

C a r d 1 ac in- 
sufficiency 

19 

Anginoid pain 

Anginoid pain 

58 

11 

Angina pec- 

26 

Palpitation 

Paroxysmal dyspnea, albu- 
min and casts 

52 

13 

Unknown 

44 

Headache, typical 

Headache, typical, loss of 
flesh, hemiplegic attack 
vertigo, polyuria 

46 

12 

Uremia 

48 

Dyspnea on exer- 
tion 

Retention of urine 

i 

70 1 

16 1 

Unknown 

67 

Anginoid pain 

Anginoid pain, dyspnea on 
exertion, paroxysmal 
dyspnea, edema of legs 

58 j 

13 

C a r d 1 ac in- 
sufficiency 

81 1 

Fatigue 

Dyspnea on exertion, 
slight 

Anginoid pain -j- 

72 

10 

Apoplexy 

86 ’ 

Accidental discov 
cry albumin 
and casts 

52 : 

22 

Angina p e c- 
toris 

97 

Renal colic 

Mental fatigue, headache 
typical, palpitation, neu- 
ralgic pain 

54 

10 

Sudden 

109 

Polyuria 

None 

74 1 

13 

Pneumonia 

121 

Palpitation 

Paroxysmal tachycardia 

62 

32 

Auto accident 

129 

Albumin, casts, 
etc 

Albumin, casts, legs giving 
out, vertigo, loss of flesh 

61 I 

12 

Apoplexy 

135 

Oliguria 

Dyspnea on exertion, 
slight 

80 

15 j 

C a r d 1 ac in- 
sufficiency 

164 

Neuralgic pains 

Diabetes 

63 

10 

Pneumonia 

165 

Diabetes 

Anginoid pain 

60 

10 

1 Angina pec- 

172 

Accidental discov- 
ery, albumin 
and casts 

Neuralgic pains, albumin 
and casts 

40 

13 

1 C a r d 1 ac in- 
sufficiency 

175 

Diabetes 

Diabetes, dyspnea on exer- 
tion 

73 

29 

1 

Pneumonia 

176 

Palpitation 

Palpitation, vertigo, dys- 
pnea on exertion, slight 

59 

16 

1 

C a r d 1 ac m- 
sufiiciency 

182 

Diabetes, edema of 
nephritic type, 
Anginoid pain 

Anginoid pain 

62 

14 

0 a r d 1 ac in- 
sufficiency 

183 

Albumin and 
casts, paroxys- 
mal dvspnea 

Albumin and casts, parox- 
ysmal dyspnea, hemop- 
tysis, dyspnea on exer- 
tion, loss of flesh, cough 

65 

14 

C a r d 1 ac in- 
sufiiciencj'’ 
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G2 
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19 


14 


C4 

55 

7S 

00 


23 

Uremia 

13 

1 

Unknown 

10 

1 

Uremia 

10 

C a r d 1 ac in 
sufficiency 

1 

10 

1 

1 Progressive 

1 anemia 

1 

13 

1 

Uremia 

15 

Apoplexy 
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of 37, also of chrome meraia In these t^^o men, headache of the kind I 
have desciibed, of the most intense chaiacter, was wholly unrelieved by 
any methods of treatment 

Cases 19 and 67 are notewoithy as illustrating the occasional long 
tolerance of anginoid pain In each of these men, this was the first and 
throughout the prominent S 3 'mptom, yet the former lived eleien }eais, 
d 3 ’’mg finally of an anginal seizure, and the latter succumbed to gradual 
cardiac insufficiency only after thirteen years 

A Duiahon of Illness m B elation to Causes of Death — The duration 
of illness from the first S 3 "mptom to death is shown arranged by causes of 
death in Table 17 


TABLE 17 — The Relation or Duration of ILL^ESS (First SrxrpTOM to De^th) to 

Causes of Death 


Causes of Death, 

Duration (jears) 

'1 ot.il 


— 1 

1 1 

i 

2 

3 

4 

5 



Unknow 11 

Cardiac insufficiency 

9 


10 

H 

5 

4 

11 

34 5 

1 

5 

60 

4 

Uremia 

3 


6 

mm 


4 

19 

23 9 

0 

46 

3 

Apoplexy 

2 


4 

mm 


0 

19 

25 0 

1 

29 

4 

Angina pectoris 

0 


0 



1 


30 0 

0 

10 

4 

Edema of the lungs 

0 

0 

3 

n 


2 

0 

00 

0 

7 

3 

Acute infectious disease 

2 

1 

0 

2 


0 

G 

50 0 

1 

13 

5 

Progressive anemia 

0 

0 

0 

1 

0 

0 

2 

CGG 

0 

3 


Pericarditis 

0 

0 

0 

0 

0 1 

0 1 

1 

100 0 

0 



Accidental causes 

0 

1 

n 

2 

1 

1 

3 

33 3 

0 



Sudden ! 

0 

B 

H 

0 


1 

B 

IGG 

0 

6 

4 



1 

1 




1 



1S6 



' And 01 er 

Xote — The peicentages of the column, 6 years and o\er, ha've been compiled on the basis of 
the cases in which the death was known, eliminating the unknown 


The differ enees here are not A"er 3 '^ great between the groups But, 
judged either b 3 '’ the median foi duration oi the number of patients liMug 
‘Jix 3 ears and o^er, the group dying uath uiemic S3mptoms seems to be 
somewhat ffioitei-lned , 75 per cent of these patients died before the 
sixth 3 ear There were too few persons d 3 '’ing of edema of the lungs to 
make it safe to diaw an 3 " conclusions, but it is interesting that the whole 
'^eAen died before the sixth 3 ’^ear of illness The distinctl 3 ’’ greater dura- 
tion in the case of patients d 3 ung of acute infectious diseases is of still 
more significance when one considers that such intercurrent infection 
mu=t be looked on as an accident teiminating the underlying chionic 
disease before it would in itself have led to a fatal issue It seems fan 
to conclude then, that these patients exhibited a less progressive tj'^pe of 
cardiovasculai disease than the others I think it is also of some interest 
to observe that the duration of life in patients dying of angina pectoiis 
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It IS evident that m a considerable number of instances, the first 
symptom was one of a minor natuie — palpitation, vertigo, or pains, or 
a preceding disease, such as diabetes There were, however, six patients 
who had dyspnea, six who had anginoid pain, one who had edema of the 
legs, one with general anasarca, one a hemiplegic attack, and one an 
attack of coma more than ten yeais ago who were still living in June, 
1912 In SIX the discovery of their condition was puiely accidental The 
most significant point in the tabulation of these blood-pressures (Table 
21) IS that the median for this gioup of long duration is exactly the 
median for the entire living gioup, that is, 200 mm This, again. 


TABLE 21 — ^Blood-Pressures of Frrry-ONE Patients Living More Tuan Ten 
Years from Onset of First SvjrPTOsi 


Blood- 

No of 

Blood- 

No of 

Pi essui e, mm 

Patients 

Pressure, mm 

Patients 

165 170 

4 

235-240 

3 

175-180 

5 

245-250 

3 

185 190 

10 

255-260 

1 

195-200 

G* 

265-270 

2 

205 210 

8 

275 280 

1 

215 220 

7 


— 

225 230 ' 

’ Median 

1 

Total 

51 


TABLE 22 — ^Duration of Lite After Finding High Blood-Pressure, 438 Patients 


Deceased (to Death) 


Living (to June, 1912) 


Dying in 

Males 

Females 

Males 

Females 

No 

Per 

Cent 

No 

Per 

Cent 

1 

No 

Per 

Cent 

No 

Per 

Cent 

Less than one year 

73 

49 0 

27 

55 1 

51 


38 

37 3 

One year and over 

32 

215 1 

10 

20 4 

13 


12 

118 

Ivo years and over 

14 

94 ! 

2 

4 1 

13 


10 

98 

Three years and over 

12 

80 

4 

82 

18 

13 1 

8 

78 

Four years and over 


6 7 

4 

82 

19 

13 8 

12 

118 

Five years and over 

4 

27 

1 

2 0 

10 

72 

9 

88 

SiA years and over 

4 

27 

1 

20 

14 

10 1 

13 

12 7 

Total 

149 

100 0 

49 

1 

100 0 

138 

100 0 

102 

100 0 


indicates that the exact height of the blood-pressure has veiy little prog- 
nostic value Of course, it must be remembeied that these blood-pressure 
readings are not in all cases the pressures of ten years ago The study 
of these patients suggests the need for extreme reserve in making any 
prognosis as to the probable duration of life in this t 3 ^e of chrome 
disease 

2 The Dili ation of Life aftci Finding High Blood-Pi essui e — The 
duration of life after my discovery of high blood-pressure in the deceased 
patients and m those still living is shown in Table 22 
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Since my accurate readings date back but ten years, these figures are 
useful only as suggesting future possibilities All but 2 1 per cent of t e 
men and 2 per cent of the women died within five years of my discovery 
of hypertension The few livmg from six to ten years later, however, 
show that the dnration of hypertensive cardiovascular disease may 7 
exceed ten years Absolute mformation on this pomt will eventually be 
afforded by the large life-insurance companies An excellent start has 
been made in this direction by such work as that of Tisher 


X, ETIOLOGY 

When this work was undertaken I had hoped that it might also be 
possible to correlate information of value as to possible etiological factors 
contributing to the development of arterial hypertension. The range of 
such factors as were found in the life histones of these persons was so 
great as to demand an extensive critical study to yield anything more 
than the usual text-book catalogue of all the diseases and vices of the 
human race as the causes of any disease the origin of which is obscure 
This attempt was, therefore, for the time being abandoned, in order to 
devote moie attention to the foregoing facts bearmg on the clinical 
features and the prognoses of the morbid state, which, while less impor- 
tant than a knowledge of its cause, seems also less likely to mislead A 
similar discussion of the etiologj^ seemed likely to provoke the criticism 
made by Artemus Ward that “it is better not to know so many things 
than to know so many things that ain’t so ” 


XI GENERAL CONSIDERATIONS 


The question may well be asked whether there is any warrant for 
bringing together, as I have done, eases of so diverse a nature, which 
had m common only the single symptom, high blood-pressure. Through- 
out the precedmg pages, I have purposely refrained from indicating the 
clinical diagnoses in these cases I have done this because the clinical 
diagnoses which I made ten years ago are not the clinical diagnoses 
which I would make in the same patients to-day, and I trust that they 
are not the diagnoses under which such cases will be tabulated ten or 
twenty years lienee I have endeavored to limit myself to a statement 
of facts and obvious numerical relationships Keither the clinical studies 
of nearly a century, nor the experimental investigations of nearly half 
a century have succeeded in elucidating the real cause of high blood- 
pressure, nor have the anatomical reseaiches of pathologists resulted ir 
any unanimity of opinion about the relationship of the underlying lesions 
0 one another and io the disease picture One physician would make the 


lo Fisher The Diagnostic Value of the Use of the Suhvginoiuauometpr 
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diagnosis of ehionic inteistitial nephiitis in the bulk of these patients 
anothei of aitenoscleiosis, a thud ivonld take the purely S 3 'raptomatic 
point of view and speak of many of them as cases of aiteiial hypei tension 
Blit the latter cannot be a finally satisfactory concept The adrenalm- 
emia tlieoiy, which has had so much vogue of late, is, as I have endeavoied 
to show elsewhere,^® without foundation as yet It is evident that a large 
piopoition of these patients sliow at neciopsy one or anothei type of 
kidney disease, most commonly eithei the so-called primaiy contracted 
kidney, or arteiioscleiotic atiophy In some, however — and I have 
lecently had brilliant examples of this — the kidney lesions aie of the 
most insignificant chaiacter, but wide-spread aiteiiolai disease exists 
elsewlieie The tendency is stiong foi pathologists to retuin to the 
original view of Gull and Sutton” that this type of disease is piimaiily 
a disease of the small blood-vessels 

The chaiaetei of the lesions has been nell descnbed by Joies The 
question remains open, howevei, whethei tlie high blood -pi essure piecedes 
01 causes the lesion That the aiterial nai lowing will heighten a pie- 
existing high blood-piessuie and rendei it nioie peimanent doe's not make 
it deal that the aiteiial lesion comes fiist That aiteiiosdeiosis of the 
laigei arteiies may at times extend ton aid the peiipheiy and pioduce a 
similar type of disease is also deal Bejond that, it seems piobable that 
the high blood-pressure seen as a symptom in the moie acute inflam- 
matory affections of the kidne}^ mu'st be dependent on othei causes tlian 
this paiticulai arteriolai disease 

The foregoing study seems to me to show dcaily, if it shows anything, 
that the symptom pictures piesented may consist of almost an}’’ set of 
combinations in any of these types of disease, and that clinically a 
satisfactoiy anatomical diagnosis is almost impossible Buithei stud^ 
by tests of renal function may help in dilTcicntiation, but foi the present 
the physician who goes to the necropsy table expecting to be light as to 
the gloss or minute anatomical lesions in these patients with high blood- 
pressuie will frequentlv meet disappointment Boi this leason — because 
it emphasizes both the existence of leal anatomical lesions and the 
1 elation to them of the unifying ph} Biological distuibance — I piefei fc 
the piesentto speak of all these patients as cases of hiqieitensive caidio- 
vasculai dmease When this condition becomes engiafted on an obvious 
piimary infl.ammatory nephiitis, I considei it secondaiy h^qieitenSiVe 
cardiovascular disease When it oiiginates insidiously and the uiinaiy 

36 Janeway, Tlieodoie C Nephritic Hypertension Clinical and Evpou' 
mental Studies, Am Joui Med Sc, 1913, c\lv, 625 

17 Gull and Sutton The Patliologj’- of the Moibid State Commonly Called 
Chiomc Bright’s Disease with Contiacted Kidney, Med -Chi Ti , 1872, h, 273 

18 Jores Kritisches zur Lehre von dei Nephiitis and den Nepln opathien, 
Med Klin , 1913, i\, 18 
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clianges aie part and paicel of the picture from the start, oi follow later, 
I consider it primal y hypei tensive cardiovascular disease. The results 
of these piocesses entail dangei from the point of view of the heart, the 
aiteries, especially the ceiehral arteiies, or of eventual kidney atrophy 
below the factor of safety foi the human kidney 

XII CONCLUSIONS 

1 The most prominent symptoms associated with high blood-piessuie 
aie circulator}'' rather than lenal The disease underlying high arteiial 
pressure is predominantly a disease of the circulatory system, and is best 
designated hypertensive cardiovascular disease, either primary, or second- 
aiy when preceded by an inflammatory nephritis 

2. Death in tins t}^e of cardiovascular disease, among patients in 
private practice, occurs in the following ways, arranged in the order of 
their frequency Dust, by gradual cardiac insufficiency, second, with 
uremic symptoms, third, by apoplexy, fourth, from some complicating 
acute infection , fifth, in an attack of angina pectoris , sixth, from purely 
acidental and unrelated causes, seventh, in a paroxysm of acute edema 
of the lungs , eiglitli, after the mannei of cachexia 

3 The early symptoms associated with hypertensive cardiovascular 
disease have an impoitant prognostic significance which can be utilized 
therapeutically, particularly for the institution of safeguarding treatment 

4 The eaily occuiience of symptoms of myocardial weakness, espe- 
cially dyspnea, indicates a more than 50 per cent probability of an 
eventual death by caidiac insufficiency In these patients, to safeguard 
the heart is the main therapeutic indication 

5 The early occuiience of anginoid pain on exertion does not 
indicate a probability of death in an anginal paroxysm for more than 
one-thiid of the patients It does indicate a probable cardiac death of 
some type The therapeutic indications here aie similar to the foregoing, 
except as modified by the existence of syphilitic aortitis Anginal attacks 
as compared with other caidiac symptoms do not materially affect the 
expectancy of life 

6 Polyuiia, particularly if nocturnal, indicates the probability of a 
uremic death for more than 50 per cent of the patients It is not 
essential to safeguard the heart in these patients, unless associated 
cardiac symptoms exist 

I Headache, especially that heretofoie described as typical, indicates 
the piobabilit} of a uieniic death for more than 50 per cent of the 
patients and of the death from apoplexy foi a consideiable numbei of 
the remaindei The theiapeutic indications are similar to those of 
pohuiia 
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8 Loss of flesli, if marked and progressive, is a symptom of bad 
piognostic import 

9 The relation of the height of the hlood-pressme to piognosis is 
doubtful Systolic piessuies persistently well above 200 mm Hg seem 
to mdicate a greater probability of death by uremia or apoplexy The 
exact height of the blood-pressuie does not seem to have much bearing on 
the expectancy of life 

10 The average duiation of life in this group of patients, after the 
onset of symptoms associated with high blood-pressure, has been four 
years for the men and five for the women One-half of the whole numbei 
of deceased died during the first five years One-quaiter of the number 
lived between five and ten years, and the remainmg quarter over ten 
years fiom the appearance of the first symptom The existence of this 
considerable number of patients living for a long period of time suggests 
the need of great caution in making a prognosis as to expectancy of life 

I wish to express m}' indebtedness to my secretarj', Miss Anna L von der 
Obten, for the large amount of statistical work extending o^er a year and a half 
represented by these studies, and to acknowledge with thanks the occasional 
helpful suggestions on statistical problems afforded by Dr Leonard P Ayres of 
the Russell Sage Foundation 

131 East Sixtieth Street 
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Stamaiebing akd Cognate Defects of Speech. By C S Bluemel Cloth Price, 
$5 net Two Volumes Total pp 756 New York G E Stechert & Co , 1913 

This hook treats the sub3ect in a most original mannei The author leads 
up logically to his conclusions hy discussing in the first chapters of the first 
\olume many psychological facts, and especially those which pertain to speech 
Different aspects of their bearing on the different phases and peculiarities of 
stammering are taken up After an exhaustive consideration of the psychological 
conditions whicli are present in stammering Bluemel comes to the conclusion that 
“the primary cause of stammering is auditory amnesia The secondary or 
auxiliary causes are bewilderment, perversion of the verbal image, autosuggestion 
giving rise to inhibition of the will and finally to fear ” 

The efforts of most systems leading to the correction of stammering have 
been directed toward these secondary or auxiliary causes and have been success- 
ful only inasmuch as these causes overrule the picture For instance, the 
elocutionary systems will usually overcome the physical errors such as respiration, 
articulation, etc They are good as far as they go, but they do not go far enough 
The time heating system is, according to Bluemel, directly pernicious since it 
distorts the stammerer’s verbal imagery He believes that the stammerer should 
he encouraged to commence articulation because in this way he stimulates the 
action of the auditory speech center This may he done in other "ways, as, for 
instance, by associating certain vowel sounds with colors, or when a vowel is to 
he pronounced appealing to the visual rather than to the auditory sensation He 
believes that the attention of the stammerer should be centered on the refractory 
word He states that “if a complete and permanent cure is to be effected the 
stammerer must cease to depend on auditory images, foi so long as he relies on 
these speech cues he must inevitably stammer when amnesia occurs ” 

In these many ways he points out the direction toward which treatment of 
stammering should go 

The second volume takes up the various systems now in vogue for the treat- 
ment of stammering and discusses their bearing on the subject of auditory 
amnesia 

These two volumes constitute a most original presentation of the subject, and 
certainly bear the stamp of deep and independent thought Whether one agrees 
^vlth the ideas expiessed or not, he must feel that the work is a valuable con- 
tribution on the subject 

Studies Concerning Geycosubia and Diabetes By Frederick M Allen, AB, 
MD Cloth Price, $9 Pp 1179 Boston W M Leonard, 1913 

Tlie avowed purpose of this work is an application of such knowledge as can 
be gained hy experiments on animals t6 the evolution of an improved therapy for 
diabetes in man Its preparation has occupied the author three years and these 
must indeed have been years of most arduous toil and industry for, in bulk alone, 
the Aolume before us far exceeds anything that has ever been written in the difla- 
cult and confusing field of glycosuria and diabetes The Imowledge that so large 
a lolume has occupied so short a time m its compilation, would ordinarily lead 
us to expect a considerable amount of slip shod and undigested matter, but this 
IS bj no means the case, from cover to cover the pages of the book are filled 
vith material that is directly or indirectly applicable in such a detailed study 
S': the work professes to be 
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In general, tlie book consists of a liteiary leview of previous woik and of a 
detailed account of the author’s own experiments Since such an account has not 
previously been published much space is occupied in doing so, and this in part 
accounts for the large size of the volume 

In the fiist five chapters the geneial effects of excessive sugai assimilation are 
discussed After hiiefiy leviening the development of kno^\ ledge regarding the 
nature and amount of sugar in the blood and urine the authoi proceeds to show 
how contradictory and confusing are our pi esent-day views i egarding the assimila- 
tion limits of the various sugars He points out to vhat degree diffeiences in 
species and in the physiological state of the animal, as well as differences in 
the chemical nature and method of administration of the sugai have been found 
to influence the results He states that “if it is desired to lule out every possible 
irregularity of absorption and to test the simple saturation limit the intiavenous 
method may he useful” whereas, “for a test of the rate at iihich the tissues utilize 
sugar the subcutaneous is the method of choice ” 

As an outcome of this review and supported bv cxpei iinenls of his ovn, the 
author concludes that a fundamental distinction exists in the power with which 
the organism uses sugar in normal as compared with diabetic animals It is onlv 
in the diabetic organism that any real limit of assimilation exists, the traces 
of sugar which may escape in the urine of normal animals being more or less acci- 
dental and in no ivay indicating that an assimilation limit has been reached This 
behavuoi of dextrose in normal animals is designated as dextrose paradox 

The disappearance of this “paradox” is the most reliable test for the exist 
ence of thel diabetic state in that “it furnishes a demonstrable and absolute theo 
retical distinction between diabetes and every other form of glycosuria” It is 
pointed out, however, that it is probably only in laboratory experiments that the 
test IS of value, in clinical practice, most cases of diabetes retain so extensive 
a sugar burning power that the paradox is still evident 

Several other facts of practical importance concerning the effects of excessive 
sugar ingestion are considered It was found, for example, that repeated sugar 
injections in cats did not lower the tolerance nor did they necessarily lead to 
fat deposition, in fasting animals they assist the general strength and well- 
being, “they furnish spending money, not reseive capital,” they may therefore 
be useful in weakened conditions After confirming these observations by experi- 
ments on puppies a valuable i6sumd is given, at the end of Chapter V, of the 
therapeutic use of dextrose injections 

Perhaps the most original contribution in the book concerns the effects wdiich 
are produced on the excretion of uiine by injections of sugar in normal as com- 
pared with diabetic animals In normal animals of various species all the freely 
utilizable sugars cause anuria wdien given otherwise than intravenously, but bv’’ 
this method they all cause diuresis In diabetic animals on the other hand, dex- 
trose causes diuresis in whatever way it is giv'en hlost of the fallacies which 
might he thought of as entering into the experiments from which these conclu- 
sions are drawn are critically considered and the criticisms appear to be ade- 
quately met It is unfortunate, however, that more caie w’as not taken in mak- 
ing certain that the bladder was emptied at the end of each observation period 
The anuria and subsequent polyuria following subcutaneous injections of such 
irritant solutions as 80 pei cent dextrose may have been due solely to reflex 
bladder retention Tire amboceptor hypothesis which is invmked to explain these 
results IS at least ingenious By subjecting the various forms of experimental 
glycosuria to the above dmresis-test it was found that none is truly a diabetes 
except that supervening on complete depancreatization 

Most interesting and well arranged reviews are given on such subjects as the 
classification of the various forms of glycosuria, on adrenalin, phloiidzm and 
the nervous system of glycosuria, on the anatomical changes in the panel eas, on 
therapy, etc The chapter on the polyglandular doctrine is the best that we hav^e 
read on this modern-day phantasy 
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As a ^^e^l AMilten icMe\\ of a gieat pait of the enoimous hteiature that has 
acruinulated in the domain of experimental diabetes and as a most suggestne 
thesis, the book is to be highly commended The leMews of the “VNOik of previous 
in\ estigatoi s are eleaily and accurately stated and they aie well arranged in 
lelalionship to one anothei A most valuable bibliography completes the volume 

InRirAmnliT Ba Max Verwoin, MD, PhD, Prof at Bonn Physiological Insti- 
tute hlemonal Lectuies undei the Stilliman Foundations at Yale Univei- 
sity Yale Univeisitv Pi ess 

No single condition in a process in the least eomplex can be considei ed causal , 
lathei the eiolution of a piocess depends on all conditions being in proper oidei 
All changes in vital conditions act as stimuli In the present ivoik, however, 
only changes in the external w'oild aie considered as stimuli, changes wuthin the 
oiganisin aie considered as development 

Stimuli are considered as to then amount, quality (negative oi positive) 
intensity, form and rapidity Under intensity Pechner’s law (the intensity of 
sensation varies wuth the logaiythni of the intensity of the stimulus), and the 
“all 01 none law'” (any response is the most complete response possible, i e, the 
heart beat) are discussed Stimulation also causes a qualitative change in vital 
processes iiietaholically, a piactical diffeientiation from the constant change 
going on 111 the metabolism of rest oi equilibrium of metabolism In equilibrium 

of metabolism = 1 . i e biotonus Stimuli are likened to catalyzers 

dissimilation " 

not appearing in the resultant state They act on the “specific eneigy” of vital 
processes (eyes give only visual sensation, organs of taste only gustatory), either 
increasing (exciting) or deci easing ( depressing ) their activity Stimuli also act 
to alter processes qualitatiiely, directing chemical changes into new channels 
Fxamples of this are the changes occurring under constantly lecuiiing weak 
stimuli as in chronic disease oi constant ingestion of alcohol Disease is life under 
altered conditions, and altered vital conditions aie stimuli disease brings about 
new conditions 

Metabolic processes must be considered as being moiphologically associated 
111 a blanching ai i angement somewhat after the formation of Ehrlich’s side-chain 
diagrams with relatively stabile and labile elements The end products of the 
labile elements, w'aste products, may act as stimuli (altered vital conditions) 
and cause a secondary reaction such as fatigue Rest and restoration then come 
about as evidence of a self-regulator y metabolic mechanism Development is one 
aspect of the constancy of metabolic activity, death is anothei In the latter the 
stimulation of waste products is greater than metabolic restoration 

To understand the result of stimulations one must understand the latent 
period and the production of eneigy The latent period is occupied by changes 
using from zero to a point appreciable by oui indicators With the fewest pos- 
sible exceptions these are at first dissimilative or breaking dowm changes They 
affect the functional, N-free labile elements of metabolism, and result in the 
casilv diffusible end products, HoO and CO^ Weak acids cause increased blood 
supph Iherefoie functional hypertrophy, with increased formation of the 
tlinunatne substances, among them carbonic acid, results nr rirci eased blood 
supplv Increased blood supply leads to increased oxidation, more eneigy, and 
true hypertrophy The conduction of strmuli in pseudopodia of difllugia, poorly 
conducting protoplasm is influenced by intensity and distance Apparently this 
IS not so in niedulated nor\es wdreie the all or none law' rules 

As a vital process oceuis (the contraction of a muscle) oxidizable substances 
no broken down The destruction of the^e substances as well as the presence of 
the resultant waste products reduces irritabilitv These labile substances and 
Mith them irritability are restored by metabolic self-i egulation Where the 
'll! or none law does not hold, disintegration is not complete, sufficient stimulus 
can cause a reaction, and the refractorv period is relative Where the all or none 
lin rule« there is disintegration of all labile substances irritability is at zero and 
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the refiactory peiiod is absolute Fatigue is asphyxiation, is the refractoiy 
period prolonged by a relative lack of oxygen 

The response to repeated stimuli depends on the irritability of the system at 
the moment of repetition Oxidizable substances are being both broken down and 
built up during the refractory period If the former is in the ascendance, irri- 
tability IS diminishing, if the latter, increasing The first result of each stimulus 
IS a breaking down and therefore if the stimuli are repeated rapidly enough 
response is inhibited If a sufilcient interval intervenes the responses may be 
repeated, or even in heterobolic tissues (where the all or none law docs not rule) 
may be summated 

Depression or retardation of vital processes can be most frequently explained 
on a basis of diminished oxidization A depressant like a narcotic, for instance, 
diminishes oxidization and interferes ivith energy production If 0 is transmitted 
to oxidizable substances by a earner acting as a catnljzer the assumption that 
narcotics interfere with the carrier agrees with all the knoun facte concerning 
the action of narcotics Other depressants (cold, fatigue, etc,) likewise act 
through their interference with the processes of oxidation 

All the conclusions dravn in this work are well illustrated by numerous 
examples 
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